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l 
nu b~~ of n•v roc~ lur~n vhf h k lt pos 1bl to ol• prob-
1n r,rl~ltursl ~eono .to to n ln~r~ etn xt «mt 
th~ fl•l ~ 11 tonelessly confus~! • to th ttart2oul"r lgnifl-
~n~~ t any in l• fttho • 'or over, as th• tool~lt of the 
~ctP.ntlst ocntinu~a to ~~ n1, th~ t•P b~t ~~ th~ r~~~ rch~r 
br l "J, but rnth~?" fl «'mt! to vi .~. It 1 thr. P,on 1 or thin 
tu:!y to tti-Mt'>t nn n l u t1on or thnn_. to lfl ri.n1 
tt."lr ';'f! lft":"'tton~ to 1ricu!tnr4', vlth t,., ~rl'(>!lt of tae111-
t ting ju {(l!" ~nt n1' to t1hloh tee nt u•1 nr~ a rop16 t ror e 
rartt~ul~r ~~.e~roh ~n~ ~vour. 
~tt • Ar,~~ r~ e ~ b~ ~~ rtb~ 1 ~ t e co b1n~d ftnnl1-
e t11' Of rJlff"t"•ti\ b1'Df\ h 9 Of' O l~nl!« to f!QlVClt ,qJ ho,, ttl"Ob• 
ltbouP. lt 1 ottan ~ th al~•i ( 6o) th t o .~r~ tlons ~r•~ PO~ ts 
lnl7 cono~me't vlth t.hfll ·1 ttoc foh!Ul~tton of rinth~n:f tie 1 
ly 
7g~ nur:tbAr ot 1~~ ty tormul t ~ -0·~1s 
.. J'.!lit.: t1on or th PflP }J1ttt1tr tr.Oi.i •)~ Vil] 
2 
In t e ohapt r on lln r pro rft ~tnc 8 h1 torl~~l ~k~teh of 
of th~ C Ut10ft ~CeP~t•ne• of t e t~ohnlque by irleoltu 1 
coftt)•l•t• 1n th~ fl• y~ r a t•r th ttrnt "" Jtc tl~n of the 
• tbot vlll b• t•~, follovel bye athft'l t1~n l stet"'1:!~nt ot 
th~ probl • /\p-pll~ t l~n of l !n~ r rorr J.rtr, to Yttl"!ou 
~1"tt88 of TlCUltural fllCOtlO l 9 U'l S fflP1 1X!.n · J)l'Oblme , 
r na ~--n t a 11 e t lon , rk t tu 11 ~ n a tu 1 1 of 
int rr ton 1 t \ err:s ot r souro• u ~ n t pro•u t e ~otelt-
zatton th~ vtll r~ •nt~ • Th- 1 : ton on nonlln~ftr nro-
ra tn Y11 f!ftl vlt r~w of th• more l l'()r nt o tf lna. 
ttons of th~ or SnAl o t~l tnelu1 ln n tn le t1on ot th4'1r 
~1tn1floanc~ for eoono to n&ly 1• n l of tb• met • nt1a 1 
ll 1ffl~ult1_.• lnvolTtt1. th.- r n~Jng of 1ynnrilc roiJ"• in~ in 
thls tft 1ly ot ~ro1rn 1n t ~hnleu•ft nn 1te 11n1f1cnno for 
-conom1c ~ lslon ~ 1ng vlll b~ outlln • 1n h~ tollowln'-
ch~pt•~. Vert.on ot -r o ~r~ tlon r~s~ercb tool t 10 of thtlB 
h Ylnl! bn n intro JUCft' 1ttto t ht! ~"Ono 1~$ of ft rlealtur f lrl7 
r~a ntl7, vlll ~r~n~nt 1n ~ - u u~nt p ~t• . ln tb 
conolu ln« 9 tton, co ~~le.on of th~ Y rtou t~~~nlnuee n~ 
a le~u• ton ot t~ tr f!O«tlbl~ L~ llc tton• on t~~~btnr., 
r ,.,,,,-ab, •n1 xt~n1ton tn .,,.r1~u l tu,.fl' vll l 'lot\ 1-t• th~ .,,.~•­
t 1on. 
•to·~ ~ ecrlb1n~ ti~ . 1 tructur~ oft .- l1 • r 
,,ro :ra lng " ro 1 t t "' tfllneft or th~ ~tho J t r.r toul-
tui- l t'!aonoal<t ·urlo, thf' fir t ye ~ r.rt .. ,. ltr: 1ne tton w111 
outl tn.-·!. 
1stor1~ 1 f'k~toh 
Tb histo~y ot lln~~r ~rottt. ~ 1ng ln 
l ls li:o t ~~ ol , ~• thP tho~ 1 s~1r. 
t~~ t~~ ~ftlo ~nt or h~ ltnn r ro~r . . 
nt~tg, Y.oo nn t , n ~ oeS t (J r?• 
~r 1t 1..~ J ~tftr::tlntn,. th~ 1~"~t -....xr~n 1v o 
r!co tur 1 eeono -
I l ~l, R ortlJ 
1n,. tJtehn l u by 
ugh ( r l) UD~ 
le ton or rr.~ ~. 
for ~ l~Y ~ov • y ~rs 1 ~r, V f1h~r n1 t~ Ml ~ s (?S) e • 
t.-n ! flt 1 h 1 • ~ r.l tllt to tvo ori 0""4' ro u ta un1 el tflrtt~ t tvf! 
~~te~ stna~tu~~~, nl ~~ tmte~ tt~ ~rr..ate or ~r t•n eh~n A ~n 
th~ ~o b1nat1on of t .. n1n1~am ost r 1~ tn r.1~~1~ ,Pn h~ . In 
1 ~ t b f 1~ ~lutton Of linA~~ ~ro~r fn pro }fl'!t ~. 0 • 
tnin~ on eo ut r 3 J V!n on (19~), tr~~ rft J, •~ "1'S 
t ~ ttrst to rs ri thf\ tt.." or o ~ r,utP.r tn ~olTlnv. a tnS-
wa ~o t t~~~ lzln ~ o l• • R I v l ro t lon ~bout th~ 
tl • r "'Gutr• • to run hl rob on ~ o ut~r, ~ni thu th~ 
vny to th~ . ·rc1 1 11 tlon of ltn.-tJr nroiu·a tr. 1 tt'lfl 
'mi111n. !n u 
cn·a.,... rotat 11') 
ltnf:'aJ' rogrnn tn1 tn I' l tlon t o f nt -probl .a v.a 1•--n by 
l ln (l~ ). At th out -tor hi• n rt1ol~ hP co 
J):ro r mln,; or tl-.1ty n l111s, lt ltt of't~n onll • with 
ol r t~c.hnl u~• that ooul b~ ua ' to ~t~r•ln~ tb• optlmu• 
rottt ~ombtnatlon of tvo r eoure~ , ro~ ro uc1n« on~ out,ut. 
n hfm cit~' thre4 x pl• or ~ls~ ttona or 1ctlvlty 1nal-
ya19 to 
Oftl'U in 
.oono le•. 
n gq nt problme n ! tries, f'lnally, to ,, v 
ll~lc tlon or t le t•ehntqu• to 1rt ultural 
The clsty.-
procn !n 1n tr. ccono l<t or 
c ll1>nt pr tu~nt tlons, tn vh l t . n,. U1" n · o~ of th~ 
•"'t o "l vat oin unlcnt• to a wl·t~ ~u J t.,nc~ In n ~ es tly \l.n1"l"· 
atan bl~ aann~r. • ot thes~ t1U lie tlona 11 H~~ y•~ (97) 
0 tng 'J't)chn1 u ~, f'Ubl1•he • ln 19~, an t h 
ol s' (19) conti-tbutlon on •1tln~ r Pro n tn1 PJn! Hen-
"' "nt nel.yale,. '1 ll•hfl"1 1n 1?5'.5'. 
rft t t potnt~ 1 to n v rob-
i.. r••• Into hie thr. t~ hn1quP va to lntrn 
y• ?·•· Fox •n~ Taf'Ub r ( 17) t:ont r 1 nt .. ~n •t'pl 1c tion of' lln-
., r ro ra 1n to }'p tu y er J) t1 l «' ulltbrlu pro lna•, 
Tr~nch ( 78} i 11 a thtt 1 ~et ot t!Ylty 111 lY te o~ acrt. 
au l tu a 1 11 r\ir~t 1n n i abbr .c1 u. (?) •n inf! 1)08-1 l ··-rlat1on ln 1n t oo~ffto!~nt• ttr@ r iult1n out})Ut estl-
' 
5 
unccrt lnty. !ht la t eontr1but1on 1~ ~ to atoch •'lo pro-
1rn 1n • A rt rro th s~ •xploT~tion• lnto n v ~ro l 
r1~1,., in th y~ r 19~5 co • rurth~r 1n~rov~ttnt1 ot th~ t ch-
niQu~ 1n tte us~ruln 11 for t nn probl s v r • t 
forva r:J . ~"'fln on ( 18 ) rov 1 ., Yn luRbl contrtbUtlon 1n 
sl owS.n hov aotlvtC;y Dn ly ls ooul i b• u o f'or pl nntn r 
re lnt~-
tn • 1r , t J. .1 pr 
lv un a t t t t 
r Malu tton of 11!\ 
by ~ orkl~ Cl5'4). 1' th t h-
nl<;ue vltb conv nt1on l nrg!Ml •n,,lyt1a n1 bu .. tt1ry 'f'l"OC~-
tlona eb ut pot,1 1 e 11e t1ons n1 rur-
th~r n•~1 r •~arch. Thus, by th~ r.n of 195' l1n • P ro. 
ram:- lftg lr y oo f!: to th" fore- in h t hoa ht ot i:: ny 
• 1'"1 u 1 tnr l ono 1 ·"• 
tla l ~t t nt of th~ 'ol~l• 
hn sxt l,.atlon or 1" l tlon o ltn,.. r funotton, 
o~ ll • th o J11·et1v" tunet1on, subj~et to e e~t of' lla_. r eon-
•t lnt• ls r r~rr to 1 l in 1tr 1"01!" . 1ng. Th n r l 
linttft r rogrn r.tln p obl . 1 t.o rtn l t ~ v otor Cx1 • x 2, ••• , 
xn> hie slmlzt'a thta obJ ti• runc t ton 
(1) 
sub ~et to t~ lln r ~on~tr tnta 
6 
j ~ 0 j • • • • • ., n 
!j j {~, ., ~1 t l • 1, ' • ... , { 
l•~ ooturt nt n < n 10 tti t t e 
aln • eau 1ll that eu tt n 2 1 ult1 11 
t~ slaok • rl l 
ln'31U , cu tl n 3 c n wr,ttMi as 
1 : 1, ~ , ••• , a (4) 
• rt•u tur nl l•tty n 1 l l"ro 1 ' 
v tl 1~, n • th" nu b r of 
!" l anli 1• 
t llln« ho 
l ct1Ylt1@ , 1 13 t• th~ in ut o f'1131_,nt 
ny unlt ot r ou • t 1"" u 1 r to UCI 
nu of nnlt or r~t'Dur 1 
• 
on unit or 1v1ty lt b 1 • t 
•• 11 bl , c
3 
• th a t rte~ 
th l"•l or • tl•lt1 j . 
r unlt of ct1vlt)' j an~ x3 ls 
In or r to TJ'r th~ !)1"0 1 or co ctly, l x : 
Cx1, x , •• , Xo) b~ th olumn Y otor of ctJvtty l~v lft, b • 
(b1 1 ; , ••• , b) b• th colaa • tor ot r~ ourc~ r atric-
tt n , c• • (01, o~, ••• , en) b@ th row y oto~ ot n t 14tturns 
n A • Ce13> b th~ x n trt of 1~ t o~rr1 t~nts. The 
ro 1 n y th~ • 
1 
... • x 
Wbj ot to Ax • b n 'I ;;:: 
A ell&ht ' lfi flini-r l 1 tn r ro ,. ,. tn 
To bl t t " re tr1c 11n~ r o&O' • le o }r. , ·hoe 
11a usalon vl11 b tn~la~ ~ ln thl' ~h t r. h1 o~ l !Ji-
trto v r!otlon" 1n t co rrtot ... nt• ot th obl -
t1• run tton, n ln it• u~l v r l~n, ~~!"I! rt r l~ • rl ts n 
tn h oo rrtc1 n\ of th r""ao re •"ctort '° t119 e • ., rt .. 
tlon of th~ •l~a~nts ln th A .. tr1x 1• .on l r•1 . 1th 
re nt le ohj t1we fnnotlon h• ro 1~ e n b- ~x~r • 
ro lo ' 
atn • 1 n-tu l 
X f ( 6 ) T 
% a ( 8 ) 1 n~ <,c ~ 0 
• ( G ec• -t- G u 
rov T•otor n" 0 11 &t! 1 i-. 
·'1th a ~r• trtc fl'4' our tt • tor lt ~AD b vrtttml • 
o' x 
•u j ct to Ax a (0 •n" 11[ ~ 0 
Wh~re ,.. ( E" • + () 
•r. bo 1• f) -tur .._ column v ct1 r.m ~ e l t1 n f!n ..... .. . !t e = r. 
t :',\~r ~trl~ mt 1,, 1~ r iuc• .o n ~n r f\ 
or "' n e tn Hr.t .. U• n~ t t 
f! A o"' e U i r ' "' 1 1 r fJ?A,O:. T' O·:t "' • tl 0 0 1 ... .- tmnr-
JJOl't tton o~ l. h tnnnport t1on ro .. l o n •t +:,.. :J • 
fol 0'-'9 ( l, • l ))s 
' 
l'l .. th tt • 1 t t ,nt ls tollov11s 
13 • •1 1 • 1, ~ •••• , 
j • 1, 2, ••• , n 
vhte 11ff r fro th~ •bo• r~ nt d 
ttlo ~1 r-st 1atton , n~n 1n r r~l t1one or • -
ou ntlnl fonmtl tl~n ~111 b~ ol•es1t1 on11nfl!,,ar re-
l' 1nr. robl • to b 
Ia th~ ~ba qu~nt r ~8 h1 v rtoue ·~ lie ttona or th 
1 OUB~~ 1lO ls ~111 bP pr SPnt i . 
Probl •• 
u to t r 1 nt t1 th ftjorlty of thft agrl ultur l 
• 11oat1one of lln•~ r l'Ogr ~ 
th 
ft rp 1•tn th t 1 
~~n !n th~ f ~•i 111 
«?m nt ln~l. It 11 not 
in 1 flllln U9f' ~ 00 elall1 
9 
ln th ls f l•l1J to such • 1 ~ ~tmt. Tf'>fl num,,rou co•~l .. x 
ftt1td- ix•• ro·tue~ t , th ott.-u h r,1n rSeft• ot ln r 1 l ntt 
n1 th onstct r bl~ ~l ot th• ~ntAr r1~~• ln the . lll !ndu~­
t:ry •i:pl 1n tfi :Off' ,.,. \l('lnt ployattnt or thf" t-.~hn1 Q 1tl 
tb 1s br11 nohfl or 
tu•l I ttrtc:ultl 
rtaultur•. Pu.rt~~r re• no ~rtoue coac p. 
r• 1nvo1Y• t 1n c~l ul tint. th~ lnl eogt 
of o r ~ fttt~r th~ t•' n log lc~l r•~ulr mitt r to 
In• ltton to the l,..., y •ntlon.~t ubltc tlon 1 ftt nn 
(118), F.flt' y ~ 11. (98) 1 F.1,1tton 11n·i lllr.on (111) nf! tutton 
an ' ~Al•x nj~r (11 ') • (1~') oont~lbute l to tbts rt~l l by exam. 
intna Y•rlou~ o"~r~tfon~l n nut~1ttQn 1 • p eta ot th~ 11n r 
rot ~in to ul tto.n. A 100 intro cctton to \hl• t-oJ'lC for 
th~ ff!~ ·t 111 OJI ~tor not f& llbr 1th th• t hnlqu a pub .. 
11eh~ bJ ~~a r v~s (1?3). Ven d• P nn (7 ;) us~~ • stooha tte 
ro r& 1nt. ~d l to ftrtv th• ~1ntirua co t t•~ l 1n sltul!ltton 
h r th• nutrtttv~ cont-nt or th irl~uts ynrl&s onstd~ bly. 
y no~ th• probl .. c .n b~ r ~~~d n~~~11 •~tt r ctorlty 
sol•~ ani ( .,,. 1n c llfornla) t~~ w 1 ulP.tlon~ o 1~ etcor.t 
r~·1 I'· t !os y 0 mit@rs !a fS 11" ' y ofrf"l'f!f ii 
f nl*''r8e 
· rm I'ar. ~ tint ~pl lo t Iona 
tn • ••1-
u•bl9 •tt ton to th tooln lJV 11 
fl 
1 to ~n r.~ ~nt 1i01'k-
@rs. ~1 uany lt ~ 
bu .. t1n1 o ~bl• or 
ro ~11~•1 ~t~n lon of 
olving uch or• co l-'1'. pro l a thftn 
10 
th~ la t r. ~""~~sl ro 1 n ount T~~ tn ttir ~ly ett~ ts 
ot a 1n ctlTlty nalys.ls to r" .,,fU\ .,ec: nt qutt1ttton111 villr• 
o•~rco t ft t k or 1 ew .. 10 tnr 0 t l~ l r lnt: :Pl n Qn -J" 
llalt T• ouro r. cqul b h 1~1 en.ace~ •fully. ~~t~ll~ 
r• ~t t1 n~ ~r th~ t t~ of ~rt or th• ~tN> t t ls ttmA 
'11th r1.n1p~ct to fAno1nt rn tlv•n by l' Sy "fl G1l•on ( 10') and 
fvnn on (18?>. Th ftrftt rt1 l~ not o 1J' cont int e co~,r~­
h-nsl•~ ~~e~l tton of th@ varton• et• • 1nvol•~1 tn •~ lying 
th~ t•c nt Uft to a re but al o rr1vf'S n t an port•nt eon-
closlon •bout th •1 ntrl nee of o~tS 1 ~l n (102 , • ?l~)s 
1'Th~rtt ts not .!11'1 o tbmm ,,., of llv olr ~ t .. r rle~e or un-
ar.cm~nt pr tle~s (l •• , l.v~l or 1r.ln t tne ) t or all t 1'ft , 
bat t a• r o ac.n~ tl~ns hould 1rr r b~t¥ en f . ~p~n tn.c 
on h~1r e ltal n! 1 bor eltu8tlon•, a ~ell 9 on ~h•lr 
billy to a~,,, rl~lns.t· f-V!"nton (1 ?) labor"t non ll\-
1't n ,. or . t~ 1n1n~ h~ fl"n•l Sv1 of 1l o tt.u f)len to 
rt • h R~ • Po ~rb ur, !,l Al. (16 ) r s•nt th~ rtr•t 
t Tough n~11~t• t 11n• r ~or.ra . In 101ut1on by ~x l lnt 
th• r.o#t o~tl u c lcmlet!ons n~e- 1ary to t~rtfln th et~. 
~111ty n! n ~t tl1ty ~o , lt1 n• or &no t olut1on. 
t~t r on, th1 ro l~ w o to ~-o 1•~ ch at ~ntt n. 
In u s~~u nt y~n s th 11t~r~tur~ ~nltn.g vtth ltn~ r ~ro-
cr. f.n ln g.r 1cultUt"~ ,.an Ii' !Tt l into t OS"' 11 ~ t1oll8 
~•ot~ 1 to hP n JlllcPtlon" o'!' th~ o lain 1 o ~1 to T1tr1ou 
oth~r robl~ n tnto to~ ~otttytnc th~ er t ~ irwl to ~-1 
In o .. ,. to lnor~a ,., 1 ta lnfo 
ll 
111 
tlori 
A t tu tre b•lon ln 
uben u tl7. lsho 
to th~ f lrst 
Cl?) t to r an 0 
"11 
to n•l-
rt- t1 • uat n off 1 looatton or • 
t ta orth C rolln • b.- ovln ro rtton or rt-t ,. 
r~rm r 1.n ~•gton with . 11 r uni~rltn• t Atu llty ot 
tb1• 1tu y, h po itton or r. tnntn r n:t~rs l eh ? t~~l!~~ 
by th~ limit J a ount or o plt•l v 11• le. rertlculer rob-
l a r1e1n« fPo th1 et u~tton ~·r~ nnlye• by f~ y J!111. 
(l 4). o .n b ~ct , •-r 1 r.tuA 1~~ trl~! to trY luat 
t ~ pl 1 t ton or h n 1 tru tur 1 n t t ~ o lO 1 1 
eh n ~ tn 8 r1oultuF~ on th• ~01 tons or r •r • ~x ~~l@• 
ill 1nt tt'r~ • !1\1 ll t ton by •ris an~ Ka 1 loh ., ( 7 ) on -
1 11 lti or otton r 1n ,. llfornt.a •n • 
stu~y on th conomy ot 1nno• t1on ln ~ try f 
n ! .e ~1 ( >. Vf'll1 ttn1 :onP (l'll) • 
tni by P.a:Pk"r 
th.- mfttho to 
a ro 1 or t~ r~ ou ~~ • ~ ~n~ 11etl1 
~n l Tl.ilmon ( ) f!V~lo -1 roce 4ur~ to t• ln~rrtct~nei~• 
In i~~stn rr n It e n ~ n fro t 1 ll ,.. 1 
th t l 1ne .,. 
v1th v 1 f:!OV rfttl t n th 
tnr th~ rtr t @ r 
mtn 1°• r~ ~ r h r 
or tt u - tn ~ rrleulturft. ~~ 
tn n lyvft lft th t coul 1 not " 1tu -
le r~ tou ly. 
tt~r tht hort t r~e•lon o v rloue • 
mo ~1 t ~ · l ~a lon vtl eontt.n.a~ 
f'lnt1on artlcl of rut AU ll !lle (J6 ). 
11~ tlon or t 
lt!th t elrra y 
Th 11" .-rrort to 
ft" 1n o!" inform& t1on rro n o-ct 1 1C1m "olut lon onn be tnt~,.-
~t s n n8't· r to o rly erltles or lln~nr proir m 1n 
·r 11't. ver :1 1rfl te 1.n t t h a u t1on of sln(! l,. n:! tlxed 
1~l'Ut-outJYUt eo~!f1~i~nts n1 rl~ «. .~~ ll1n h~ vt ~ yt~ld 
~erbtb111t1~•, th~ fr~ u~nt pr1c~ v rt"tlon • th~ ttt0hnolo 1011 
ehani •• n ny otb ~ sourc~ or UJl •rtelnty ln ~t th~e~ 
cr1tl- 1~s• ~ -?"I~ to b• t•k~n s~~lou ly. ln l itlon, ~xa 1-
n tlon or 1ft~r nt oluttona how• th t v ry ott~n trtrltn 
h n • in c~~rrt 1~n a, rt~~a, o~ r~sour~· 1J'!1'Pl~ oe sus~ 
conet •:Ml 1 ~lt~r~ tl~ne tn th~ o ttmu olutton. 1 a r~!nilt 1 
et n .-arly et or lln•~r t.n two •-n~ro h"• " Pf" 
torg~ l to 1t1 t • lac~ ot e•~tatnty tn th~ t • Th• on• 
te 8toeh t1a ~rotrn!lf lng ~~1 h ~llow thr o~!tl 1~~te to ~ 
r n ~o v~rt tr, ot 8 r tt al r rrr u•noy ~tst1'1but1on. Al. 
thou h t 1 t ~hnl a s outlln~ t R ~•rly lQ ~ 1n th~ a.-a-
t lone1 'lrt2 l~ y , b1tJ' !!1 !!.l. (1) en toun· not• l~ turthf'r 
~•~lo ~nt In ~ontrtbut1on b7 Tlntn r ( 7nl} , v~n ~o~s k• 
( ' o6) , an~ r ttncupta (1?~) tt ls nt111 r th~r s lio a• ' ln 
airt Qlture, ])ISrtJ.y a 
~t ~ti~ l atruetur~. 
l ore populer ao ftpt n~r 1n th~ 
l"ffl'n to th •eon·• ft nB ! 1t 1 tstd t.o 
rl·oultu. 1 f1~1 ~ s 
o • wlth 1~t une•rtatn-
ty; th•.s• t~ehnlf!U~H' r,, nown as s•n ltt•lty n lY 1 an·l per. 
a trle ri-n•1t1vlty n l.:y!l c ft .-rne tt elt vith 
h~n 1n th~ o ttmua !olutlon Ju• to an ~ in th~ 1 ta. In 
thA cont~xt of th1$ h•st the t wtJ1 ~ use ~ for tnY~stt«•-
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tlon• s to hov u.oh th,. pT'l:• of n otlTlty, h~ l"~l or on• 
or th rP· ourc~e, or a artloul r lnput eo ttlei~nt m y •ary 
vlthout ot n11n th,. opt1mu olut1on. !Jh~n •ts uas!ng t 
r n or llo ble v rtstlon or ny or th~s o~rrt 1 nta, 
oon1tan y of all oth~r ' t 1 lvnys u • J. A let.nil~ d -
ert tlon or th . ~o mitnt1ons lnvolv 1 ls ,.1v-n ln •h artlel• 
by t~r uh 11111. {163). Th~ cnlculstlon of 
!t. l n oes~ r y or o m~ "in ful Int• ~r~te ton ot t • 
ftrgin l oo t ( h91ow ~~1 AS) of t l lt~ rP uro •· It 
Sriht b~ 1e ·• th t th@ on tftney or t ,.. ar"'tn 1 o ov P • 
cnrt~1 r~n~ 1~ t 11 ~ by t .- lln ~r n tuPe of t~~ 1~ume 
ro uct1on function o an1 to t ~ lf ~r•nt1 bl~ en1 con-
tinuous protoctlon fun t1on tn oo n er 113 l an lY 1 • T ~ 
r ln t 1on betw"ert cov.: n rct.na 1 .- lyai an , l ln• r ro-
~r r. ln la tnt r out by or n, !:.$. 1.1. (61, • J.33) 1n tte 
follo~inl ways ~It voul l bn rtal ~1ln to oont st lln••r- ro-
!r hi vith r.srg1nnl Rr:sl1ei11 1n ~n r 1. I. int! 7 p1'ogr cmin 
11 1 sl an lyala, ro~r1 t ly tftllor~ 1 to th cAr.~ ot a 
t1n1t• nu b-'r ot et1vlt1 s. TJ' 1lt1o l r1:Jn 1 e ly l! ls 
trr rf"ntte le ro \action run t ion.,. 
ree~ntly v~lop@1 oo 
cell I naft f!X r~nort, n~rmit 
t~r pro r b lDM, th.. so 
th ~rrolilUJn ~or all JJO.t optt. 
u ~ loal ttone on th" o t~r eo thnt t o l ul tlons y 
h nd, outltn in (163) , b~eo r~1und nt. Th~ po t o~t u• 
n 1Y•1• rn• ls tm or •• ntl l t1eono !c info ~ tlon an' ls 
cur~ ntly a f d~· ton• rly an1 11n r progr ~tn atu~ t th~ 
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r . lP.V~l. lt tt~ 11 tin on fl!•v ~n ho t"! i: lv1t1,, 1n 
t ~ opt1w solution o n. 1t ivo to a1 1 h t t n ,. , !ii Jp t as 
op;x>. c .. to o t @r on~ . r. tnr, 1.11 '~ t 111t1 r n • t t 
knovl 1 ~ 1 " cl tv tn 1ntor r t 1n 0 tt u so utl n• 
v1th r Qrl to un rt 1nty. 
s~na1t1vlty en,.ly 1e, art t ol,. 
.on th~ nu nrous rtu 1 lt>a uetng 
r rt n~ K~ t h y {73 , by 
~A 1 Rn re h r n ( ~) , nn by ~ t 1 t ~n ~ n (1~~ shoul e 
r:iAnt lo nPJ • 
In or to turth@r r tin 
1 n , oont111uou n "'ti 1n f'rl 
~ nslys1s of o ti ·Ul':I solu-
o~ r nouro~ l~vnl v~~ ~%-
amln~ 1n their 1r..-lu n~~ on o ti uia solu Jon • 
1 t rm~ ns r.trlc llnAAr ~r gr 
• the tu 1 or th ~hfllv lor of o lu. t ton 
" r" n llo'We 1 to v r1'' ( 1, • 1:"3). 'o t o '- 1nv~ t!ga. 
tl~n f~nl ~it v~~1 tlonn in ~lffl"l~ ts or th~ b-v~otor (r•-
sour AS) t ot th e-v otor ( rle@s), Rn oftlY A r~v x~•pl-
wtth v rtnttone or 1~ ftntft 1n th~ - s trix (tn ut ao~rrtei~nte) 
~ I} b•tn ' 1 u 100- x lanA t Son of th4'Sfll :ro ur.-• 1• 
Iv n in R y (99, -: ho 'P· 7, 8, 16) . 
In t firs .rtt rnt t 1on or th t II tho 1n 1 6, . nll'tr 
( .. ~ stu \ 1~ h v rt ~ ton or o t1 ol n un ... ont1lluou1 
V1'!71n 0 1t l r~ t 1 t1on n 4'S ptf' l th r~ ulta 1n 
t,;r h 1 l f -311ft . th of t 1 ont tbu t lnn, extension 
on 1 c o u ~ th~ ~t1 a 0 P ive ~ tor typl 1 t re 
or a 1V'-n ro u l n r~ ton to lm 
tion it l 1tun ion. 
l!f 
Thia t@chnlqQ , ott•n r~r rrnl t.o a v1rt ~1~ r~ ourc~ ,ro. 
gra in 1 9 prov• to b~ QI ful ~or tut! I of justm nt 
poealbllltl~• of t rms, s s lllu st~ t8rl , ln contrlbat1ona bJ 
lo•~ and fi~A1y (138) an1 by Bolton (~O). 
f. imll~r to th• vartebl~ r~aourQ• ,ro~t"9. tn is th~ vari-
able prie prop,ra inr., t1~ t r•a~nt• 1 ~an~l,.r {~6). A 
~oo "'Xftmpl~ of n epplleatlon of' th1 t,.chniquf!I ts 1-YP.n 1ft a 
stu y by tcPh r on an P. rl (1~8) ln vhtoh th• ~rt ct of 11t-
r~rPnt rte ret1o• on th o~tiltu orr n1 tlon of ~nlry 
in prle~ pa. In th~ followln 14' r~ ny oth r publ1 at1onft 
u•ln~ this m~tho ~ tor vl ~ r ng~ ~r roblA 8• :r~~i 
.el ll· (1L9) co uted ~ro!it maxh\11.inc cos l~tion or ~nt~r­
rl ~ for rte 1ry t~nn Ant th~n, t~~ 1v~d ilk ~u~nly runct1ons 
ror th !I t nae. 'f'f\k C 1 ) aalculat the b~•t co l'(>elt1on 
or 1f• tl'y t,." :t n t loa for t nu• 1n th• P•c 1tto Horthw_. t. 
A few studtea J- lln with rt1cal8r t OP.ti of f~ l"ln n. 
a ~nt nrobl,_11 r~ 1n to m~n lODflt • In ny 11n.-" r J)ro-
ra inl •tu 1 the outoOJSP le to 1n tl! ::f Y th l41WV l of' f 1x c1 
r•sourc•P . r (65} OFlttolr~ tb1 ov~r~h~be!Ai infla~ne• 
of aesu •~ flx ~ rP5oure~s en l f~fln~1 an ssrt f lx• tr its 
rrturn p~r unit, (its mn~g1n l •~lu pro uct), ls b•low 1te ae-
auiettion prloe but bov,. its ~PlV it@ prta • A ~~ts ll"1 t ia-
cuaston ot thla. point t al o "onb ln,a(l 1n book by •fnsoh no 
( ~16). ln An tntP-r~ tin art! 1~ by 1ll~r ~nd . auh~tm (146) 
the r~l t1ons lp b@tv n pr~tlt xi t~tn n eost 1n1ml~ln£ 
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mo ls of Kans s vh at ferm ls •ta 1 an th~ r ~ lct 1•~ 
ve luP of th-ee o cl l• ls oom red. 
Most of th~ pu lie tion~ cit 1 hftv~ only rP!r re velu~, 
~allng ln ~any c s~• vlth yooth~tieal f 
l~•s of ectual ~xlst1ng r rmn. ~~~ ftXt~nt to vhloh h@ te-ah-
n.1ou•e are aetually user.1 y ferm#re , ~tth .. r v!A ao, f'l'"ol•l mlln ... 
Rg•m•nt eg~cl~# or ~xt-ne1on s rvt 01 or unlv~r1tt1~a, 11 out-
lln~1 in • stu 1y 1 S.w naon ( 191), 
Mo t ot th lln11 T progr11s 1n1t p 1!" tl.,n f\rtih•n't to 
••rk•ting robl s will P i1~ues~1 1n th• n~xt a~otlons on 
1nt~rr~g 1on l o p~tltlon. In thi pora,.r• h only tbrft~ •t~-
1.-e, -1!~-.slln vlth rk~ttng ~ obl~ s or proc-
~ \1 ft or tb.- f.?tho' 1n ... p lua t lllg th ju tml!tnt robl s of 
flu11 ilk pl nt. Slncn this lot r •i own ri slo 1nB 
d Rn~ earv~•t prctlt r,,ext~i tlon r u1re1 c rknt r~ ~ rch e 
P-11 an 1nt•ne1v~ stu y of th~ l»O• t l ~ttvttl~ nd r~-
atrl tlons wlth1n t h f i:rm. In 1 !lor stu ty , f ort-nson c isi. > 
~XII in-1 th~ ~l~nt o~~ratt~n ln r l tlon to l"kf!t on itlona 
or I! ch~rry J'"OC~ lln t>l nt ln .1 1 fin. \J11n thn transpor-
t,,tlon mo .-1 t 1ng en Lo an c1 ·4) atu t 1•1 th "~ t 1~@ 11n..i 
loe tion or ckt.n lants 1n ~e lltornta by ~one11~r1n •hml-
l? 
t n~ously th~ co t of 1 in~ r w 8t~rl 1 , n ~roo~s•ln 
an s 1 ln th~ rt l 
r. tla l R~e"~reh 
Th l11t t•w y ~rs wttn~ n~l n ~xplo ton ln tu ~ 1P.e of 
s tl•l \lilt rl .n lys1 •n~ or lnt rrtt ton l pro lu .tlon 
an1 eo1un111 t Ion ttflrne. Th l ls not too sur rl tn , s a 1"1!-
oroua annly le of thPs~ robl 1 s not t~A~lblA ~tor• th 
~•~lopa~nt of th o l rn nalyttn&l toolg. T ~ l oont t 
nn o l or SPfttllll r 1• roh 11 to f1n1 an ntn1 J" to the aa.,a-
tlon to ho" an conoay houl J be or nlf' 
er to lft8X1ml e tb r~turns on t:lY•n huann nd n11tur 1 r -
ouro , con t!~rhlg n1 r etrictlon , t~•n• rt tion cost 
an Y rlou r r.to 1 r ctor • In short, • s tt 1 ~l 111ay • 
broa ly 1 tlnft1 ae " ny ttici.or~t1cal oon truct hP.Y 1n • .-c• 
on comnonrnt'' ( l~, p. 13?2). 
etl l ~ u1l1 ?tum nal1st~ ln l ar 11 h9 -~ on tvo v 11 
1tebll1he onomtc th~orl s. r~!~ th~r1, • rly l"9~l-
o~ by th ~l aleAl Wl"tt ~• le r1o n~ 111 1n th~1r ~ s~us­
slont about the compsrntl• a ••ctng• of tff~T~nt ro uot1on 
r ions, 1>rov l •• onf' or t 1n. l te o .. o .. rn oont r 1 u t ion• 
by E•b~rl~ n o h r , tr ~~ t ftO"t'Y n .. 1~ot ~ l o~t o lnt 11, 
th s~ en p t of • ono le et1•1ty. l.o lcelly lt rn~u1r~1 
to b~ au by looatlon t cory, vhlcb ~ sli•a the rol~ 
of tJ'8DSJ'Or t1on eo ts 1.n th•lr tntlu no~ on ~ro~uotl~n nd 
eonsur. t1on tt•:rne. Von hum.en 
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to l th tic l mo!~l of t 1 ty -. 
h r r.ult• or Pl~o t 11 tlftl ~~ ~8rc 'tu t•e rf!Yr. l 
t t r 1 tr1 ution an r n lloc t lon ot cono le ft Ct 1• lty uld 
b~ estrebl~ ln or~ r to tn ~ ~rtorm~ne• of n •conoa7. 
In thts, ao1t o spt'tlel r ~•r h ~ o s r@ policy lmpllo•-
tton•, n1 th •t ft a nil , t ~s tu l l~a ~ elo~ 11 r~l ~ 
to l'"Obl tn w lf• eono 1~9. 
In r-. ~t 11, tt 1 r~s~ rch 1~ l wlth a h u~st1~n 
• th~ r~ ton 1 loc tlon 1...- l or ro u tlon, th ~ tonal 
con1u tlon ot tinal oo , an h r~l•ttv n1 olut rte 
l vet ~tlll ~ T Son • Tb~ o @l ua@ tn th ~ 
•tu11••, auch ae 1 t_.. r cton l co p lt1on o· le, tr '9J'Ort t!on 
od ls, • tl l utllbrlu mo\Al1 1 •n. 1 nt lo~ tin~ ao ele 
can be broa lY elA•t!r1 .. 1 Into two group , th~ •t n~•r ~ u1-
l tbrtu mo la (~ ) 11n th~ 'lt l•lty nnnly 1 o 1111 ( A) . 'J'be 
ullt r1u o l• ae,. .. r1n~ n J n 1n2 lY run tlon. Vhtl 
the a t1•1t1 mtl7sls ~1 1~n r t• t -.tr o~n nine lone. t, 
t ~ tvo constructs ar~ not r.utu lly xelu~lYP ~n1 the etan er 
tr n :port.tton mol l e n b~ l tt1~ ea lt ~r oA~. tc~l 
l• tor th~ fl~st t • o~~l PP g tv~n y rmk (? 
mu~lso11 (166) an k -r " n Ju·t ,. { 1. , e ntrl uti n1 ·~-
ht ltSn th u • of et1•lty naly 1 eo•r1 nr~ prne nt~1 b7 
re rs ~r n r. 1~ (1 ) n T k~Y6 en 1u1 ~ (lq')· Ml•!'el 
flaeua toe or thl conoat 
rAa nt~ by r •• (li;t.) n 
ln rlcul !'flt h s r~~ntl7 b n 
.a 4'll ( 11) en !I l~r ( 4) . 
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first trorough pr~sPnt~tion of the trensportAtion modol for ag-
ricultural eoono~ist with r~gAr~ to thr oomnut~tions involvPd 
nnd its s1gn1ficancP for spatial stud1P.s was prPscr1hed by 
Snodgrass and French (181). This Article 111ustr~t~s thP tran~­
porta t1on mod~l in a clP~r rnsnnPr s1m11~r to the pr~sentntion 
of th~ gPnPral 11n~ar programming proc~durPs in thP 8rt1c1Ps by 
¥.Pa y (9~) and EoJPs (19). Jt shows thP dPrivation of lowPst 
transportation costs whPn srt1sfy1nr, f1xPd consu~ption ne~ds of 
a ~1vPn r~rton frorn f 1.xe1 production lPv~ls within thP sP.m~ r~­
Rion. In e similar study PtnmbergPr (185) arp11Pd thP trPnR-
nortat1on model to d~tPrniinP thP bPst mar~Pt for orth CArol1na 
ergs and thP looRt1on~l advantAges of North r.aro11na Pgrs mnr-
kPt1ng Ag~nc1Ps compnr~d to oompPtitors in other ArPes . 
A basic study about rPg1onel AdjustmPnts 1n thP grA1n pro-
~uotion 1f thP u~ was undP-rtak~n bv FPndy ~n~ FgbPrt (100). 
Th~y der1v~d the groin production pntt rns 1n thP U~ corre-
sponding to an economic ~au111br1um, that would prevsil unlPss 
goverrunPnt programs he~ 1nt~rfPred into th~ ~esourcP sl1ocat1on 
ov~r the last 30 y~ars . How should thP r~g1onal production bP 
orgRniz~d to bP optimal st e national level? this 1s thP main 
ou~st1on to bP AnswPred. In this Pnalys1s thP. Uf ls brok~n 
down into 104 production rPgions , ~ach having 3 aot1v1t1~s, 
which fin.ally yields e genPral lin~Ar programming model with a 
matrix size of 106 x 310. Th~ relaxation of som~ s1mplyfy1ng 
assumptions in this study is r~port~d in a latPr public tlon by 
thP same authors (99). The effPct of diffPrPnt soil types was 
lncorponted into a r.-r,lon :ii l otur!7 "9 " otlbP.1 by 'bltitl_.~~7 
·# dy (6'+, 13, ?1 ). an ha~ and P.~a dy (16i~) lllustr ted the 
•JH>ll.aotion ot a 1 ln .. r ro rammlnt o lel t o 1nt•rr~ loo l ag. 
rlcultunl -,,l.1Jnn1n 1n In1 le. ':i'h1ttl~s~y • n . Bkol t C ~19) 1~­
•otf!' ft pap r to llluetr t-.. th 1nterprf>t,.,tlon ef the tut.11 ao-
lutlon Of th above oh 1'!i:!Otffl"1! 8 0 l~lttt V leh Jt .. l'·mlts th~ ~l"­
l•etlon ot cna111br1.u . product 1:>r1oAs 1tn".1 t pnt r1 v lu~s to 11m-
1t1nr 'rflSi)UrC~t!I . 'l'h• o~t1 UI! 8ll001'tion of J'•f;OUJ'cea for • 
•ho·lP country w s nalyP.e3 by S 17th nd , roti"Jt 11 ( 18) tor th.-
a I~ Of ev Z~~l.An1 9 
Among th 
l nt e1i~ · 8?1 ship riJlt routs of vorloufl ro uets by U!!lln the 
tren8port t1on o fll th tu ty 1 Jt tnt: en(! Loa n l e•ntlane 
(1"'4) . 
A n v appro ch to spe.tlal n~11et tn~!n ti ~ xpl1c1tly 
into <'!count '"' fl!'OPo!• r! by · '1 CSo>. 
:>1 
110. lfft:c • R 
t t tnnln or t ~ le t hapt r the lln~ar ro ln 
robl~ aw r J fin~ , nt all otb~~ ro r ln o fl 1 v r,. 
ly o•l nonl1nP- r. It ls nov tt • to lntro n~ a cl r r 
t1 1 t1net1on. In lt original 
p .lift to o r 1n~ robl ft ln v leh th- o j t1~ fun t to 
or th~ constr1t int•, o oth, ont in rtonlin~ r al br lo @'Z 1",.._ 
slon • A onS? tb~ .. trlot17 nnnl ln~ar rol'\1 •t t - 1 l!I vlt 
lln P aonf't "lnt• n " e nonlln~ r o j•ettv-. function h 
stu t 1n ~ ttt vl ly. '"n-'rtt 1 robl of t 1o 1n e n b~ 
wrlttnn es follow s 
x or mln 
su.bj~t to 
n 
4 
jal 
1n t 1 9 llfl~~ 0 
tj'Zj • bl 
xj ~ O 
fl o mt 
1 • l, 2 ' • • •• 
j • 1, ,, . • •t D 
t1o 1 pro ur ?'• on11 
• ll1t 1 for 'f)robl s wh 't' t o 3@et1•e ftlnotton 11e 1'17 
tflo ro rtl • l '111111 ..ntlon r1 
her • tr tly, oons2 ~r 4n o J~~tt• f'n etlon wht h 1 h 
of 11 funottOl'Ht, oh or \lhl h J f1l "' ton of y e Sn l-' 
Y9rl8bl~. It cftn ~ vrttt n s 
• • tCx1, •• 1 Xn) • r1cx1) + f ... (x::) • • • 
uob a funotlon 11 call• s r bl , in t ~ mi~• thet b ot 
its co 
co•J1Ubtto 1 solution le 1)0••1 1 , n th J'T'Oc or• could b~ 
CP11~1 en a rox 
ttons. or furth r ta 11 r~r~r to 1 
1 r 1~ o j~otlv 
1 ., (88, r, p. lt). 
fa.no-
• con co utot!on lly t•n 1 1 c •- oc ar 
j"°t tv~ tunnt1on con 1 t of " l tn•n r n'1 r.u rtt le to t 0 
that th· ro l cnb tt nr~ 1r: lOYI 
1111 or .tn " . t(xl , • • • t :tn) .c• + x•ir 
eu j ct to Ax a t and x ~ o 
"h"re ,.. 1• 8 n x n t-rlx. hl J')l'Obl 1 .... 11 u r tlc 
pro ra lng J"o l ant1 will b :1 lecu11 :.4t 1 10 • 11. 
thlr~ • t"O•'-lh, l'~ ltttn h nely •n· 
cl.as. ot f t'Obl ~ t nonlln~ :r o jfl tl'I tunctto n:l nonlln-
•r con t 1nt t 1• know •• coiw~x pror, 1n • It •llov th 
eolut1on or lnt 1 t loft 'Pl"O 1 v1th conv.x o j~otlv tune-
tion an~ convex r albl r ton b1ch e n b• f o I by con-
Y•'K ru.nctlon1. ttth t lc 111, thf!I ro 1 e n btt t8t l . ., 
f'ol ov l 
min ~ . r(x) 
IQ j ct to 1 (X) • tb l • 1, • • • ' JI 
vh r 1 (x)' ; t(X) t • • • ,, (x) en t(x) 1r tffe- nt t11bl1t con-
T•X f'anctfo f1nf\ tor all r. f; tne t 1• J'O 111 not 
~ lieu tttt hl ch ter, forth r r t ran ,. l• v.tv~ to th~ 
orl 1?181 oontr1but1ons y rtl (91) n n rtl y an f!oc~ln1 
(9 ... ). 
side rro th@s~ trlatly nonlln r pro tn~ ro l ' . 
cl• • of ~ ~1• vlll b~ 1nclu .. ~ · •r t ft 1~ lt1onal r 1trlo-
t ion hara 1' ' on ~n~~ l 11n r 1n ro 1 , l th t 
o or all of th~ v rte lAa uat k on lnt~r.~r v lu •· It 
e n b• vr1tt n s n b lova 
•In z • c•x 
ID. j t to A • b, an x ~ o 
80 or 11 l cmta or % • t.nt1& l"a. 
As thf' tlft l'2 st 17'0 11'1 1n tt:1• h" t r , • r nbtton 
ot na to 11n r-r l)!'O r ., !ntt Vil b tv n. 
Ci,.n,. l ta u s 1on 
h r c u tion vlt nonlln9 r nro r tn 1 n.- rly • 
old • th stui y ot tta lln~•r oountrr rt. Jov ~, with th-
e tv nc or mor~ pov~rtul co11 ut t ton 1 t ohni.Qu~s, lnt~r• t ln 
th 1• t-ft8 ~tally outsl fJt 
th ti 1 of tlo • Thl 1 not too surprl11ng, as 
lt v. a r t:otn1z~ rly t t t e Pl 1 
~ro ra • lo so _. c a s eoneld ~r bly "t rlor t th" ean-
ln falnft ot lta re1ult1. In lyt.n • ltn r 'P?"O ra 1n o l _ 
el, t nl t,.ne ot e lln~ r homog nou. ro.juctlon run tlr.>nt 
not llowtn for cono 1•• or 'l cono tr or o 1111, an" l'"rt et 
co ~tltion 1n th factor n · ~ro uot m•rkftt ar~ al 71 as um d. 
rx'P~r1.-ne 1n " rlcultu.re ott"n contra let th@~• IJQ p .ton • 
It c n b •~~n tor lnst nQ , t t OU 1 lna Tfllft ,. tn 1n t 9 
c Jo ln 
n1 cunn an that osn r t n of rlo~ r ihlo-
tlon• by buying ulk lnJiUt•. 11 tb 
s ~robl 1 vh r- ltb•r tncr~•s!.n or 1~cr~ 1n r•turna to 
" 1-e or outlJty• er@ 1'., --nt. onl Sn_. r J)rogra . tng rov 1, • a 
fn liYOrk tor an nect tr ta~ t or tb~e probl , • • opposft 
to t • ?'OU h a rox1m tton n1JO~aaary 'to tore• h 1~ ,.,.1 tlona 
into lln r r.o ~.-1. 
Th only r• son '-'h1 th~stt t~hnlgu•• r not y t 1n v1 r 
u1• are th4' con ~ptual an1 co ~t . ti n"l lft'loultl.-s th"Y ln-
•ol•~. In or ~r to J')Ortr y th s• · 1rr1 ult!~~ 1n •n un ~r•t•n~­
bl~ nn~r, the nonltn-nr cae 111 co front@~ v1t~ th~ tll'O 
~ rlt r l~tlng o ti 1r.atlon t~hni u~ a th@ cles le 1 o tt-
tratton t chnl a b ed on e leulu •n h 1n 
9t>T'l'09Ch• 
Th e]..aaal~el o t tr 'lon t~ohnt n~a, us1ni o leulu ~" 
l• GP&nf.ft ltl ll~r•, r~ only • ~n• l~ to ro 1 vher~ th re 
ar• ~lthPr no con tr lnts or only a llty on t.nte, h r• the 
• rtabl~• r• oont111uoa1 fttne tons po .- 1n ti l '1 rl••-
tl•~• et 1,.• t throur.h th• eon·Y or:!tt'l"t an1 1.lt?~rf) th~ tf'11lbl• 
region 1 conYn. u@ to th••• su tlon , •J>l>l 1e tton ot tbl! 
t.-ehnlnu@, ~•n to 91 ~1~ nwr.•rt~ 1 probltS11a, count r such 
~r~ t tltfl ultl~s, th t th !~ ~tho 1 n only cla111r1~ P.B 
ot thf'O?'ritloal !ml)Ol'tftnee vitt'.out OJ'4!r lo 1 1 lflc1'n • 
he-tr ooml)Utatlonel 1nftt a1b1lty la o .- of th,. rnscns for the 
r at ccfllpt n or 11n" r ro,,re tq. 
Ltn..- 1" t>re>cn int: n b~ 1 crt • :! h v tn th., follovtng 
r-ron•rt 1~s1 
(1) Th t• lblA r~ ion ~ic l• boun· ~ I by t • lln r 
conatr41nt~ lg a conv•x a~t 1. ft. a lln conn ctlng ny 
t'WO 1>01.nta or th~ r natbl~ ent ll@s .-.nt1rPlY 1n tb~ 
s•t. Th boon 1r. r y ot thl •~t, tona :S by th lln ar 
eonetr 1nta, 1• r•t~rr~~ to a th~ on•~ ~all. Tb• 
conv~x J'4'g1on h • " f2n1t~ nu b~r of com rs, norsall1 
call t o xtr polnt or • rt~' s . 
( 2) Th obj ctl•• function ln • str lght lln~ 1n thP t~­
lla,_n loa l o ae, a lanP ln th thr•~- im"'n• lona 1 
c sf! ftn1 • hyp~r lan" in t h• n-~1a~na 1on 1 c • 
( ) Fro (1) n~ (?) lt tollov th t local o vlll 
nlwy b a lob 1 ol)ti: I n 1 , tttf o~thnl Uftt •1-
ya b@ totlJ\ 1 a t n ~tr • l)Olnt of th~ oonv•~ hull. 
E~nc~ , th~ ro tor an opti u e n b~ r~~trl t to 
a t~ tlnr, of COn\f'J"J.)Olnt t while th• boun "J"tl!I b•-
tv~•n th~ J>01nta •n· th r~i ton lnft1 th bull, oan 
b~ n gl~ete l . ( or • root of th• 911 l t t t r •e 
e. 1. Cass, .ha t~r 3 an 4 (81). 
h~ ~ pro~8rtl~ ar th~ r ~on ror t - ~ ~Y ni trr. 1«ht tor. 
var vay of fln Ing an o t~un: solution 1n 111'1«- r ro rn in«. 
It la only n c~~sary to t rt t ont' 6:tr,. ,. J>O 1nt n to lk 
tro •rt~% to v~rt~x, until . ch f jao~nt xtr ~ po1nt 11•1 a 
l~as rt'V~nu th~n t b on un i~r on l J ~r tton. 
ln th nonlln r ro ra in o •~, o •or ell of the 
-prop~rtlea 1 ht v1ol11tf'1 1 itnt1 e 1 ~ltrx-llk• '' lklng fro 
corn r to eorn•r'' rit ht be eo pl~t•ly untt lie bln. r-onfl11•r 
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tor 1n tence, th 038 or ltn~ r obj..,otl•ft run~~lon v tt non-
11n r con tre lnts. ,.1 11 in • two.·i 1 @oft to l robl ' th~ 
t 1 1• rf'g lon will eon let rtly or curv lln~s 1n t ot 
strn1~ht 11n~s. 'l' 1 ~n rE-sult ln " nonoon.v~ r e 1bl r ton 
whlob 1ght btt m '" up ot s"~r l l conn-~t~~ p•~t • Thle non-
oonvu r~ lbl r ion i~ht 1 '-' to thr. "21~t no of a local 
o t .um { subo t u ) , b tn 
{to ta 1 opt !ir.Ulft) • f!ov"" r, any proo Ut'(I] who tt t at tor o t 1-
11 ly only 4on 1•ts ln h oktng vh~th•r a f w t ~· fn any dl-
r~ot ton will r~ lue~ ~oflt• , csrmot i lstlnaulah b tw rn a local 
global o tt u • ,_. on 
rlT ti-we t" t only cono m! • •"'rY nn1"rov J)el"'t or th" tuna-
!n , wt loh in-
volTf'! only • chi!! 1r of e ' j c,.nt 'Yfll'ttto t ,.rtly 
rovi e th tta hm nt or • lobal o t n. Thi l• th r•~ on 
hy B wnol (10, ,. 13?) e 1 s thes• tP hntqu s n~ar!l htP. l o t1. 
n1tnt 1.on proc ur "' so "t tm.. t fly ... 11t 11 o tr 1> yo lo pro-
ce~ur • In t et, vh-n • pll~ 1 to nonoonv~x r~ s lbl~ re !one, 
mo t or th• co ut tlon.ttl tt11ohnl u a, wlt tho •XC4'! t1on ot dy-
nam1e roan ln , vlll only y1~ld loc l opt 
1olve th~s• rrobl s . 
and thus ta 11 to 
A cloa 11 r lat 1 anti ore v1 lely :S laou•• J e s• ts th • 1-
r l y ~nt ton*" J>!"oblnm vt th itn-.,.r on trs tnt an nonllnP J' 
obj-cttv~ fuao~1on. ~& th~? then b 1.n a atr 1 ht lln~, ~l n 1 
or hy~ 7pl8n , th obj tlv., func t ion lr,bt be 11~e ~ 111, 
"' .. ehftJ'• of th~ function 
ts or lat>Ol't nae 1n11ot11r a a • :'1 lstlnn t lon b tv.-. n conv~.x anr! 
eonc•v" tunct ion fro tJlOY 
1 ~~f ln~d • • cur"Y• hos• 11n~ r •~n~oYlJMtion lv ys u.n~ er. 
~1tJ ~t~s th r~el fttn tton. Th~ eonv~x n"- 1 th~ op~slt@. 
In or l~r to vol i tb~ ro 1~ Pncount r~ l in th- .rf'Vloue fir-
ampl.- ~f 1th th~ nonlln,.,.r 001uJtJ" tnts, th8 ob3•at1v t"unotlon 
u~t bav~ th~ right • , or, 11 lt ill ott.-n rorsulat~J , must 
ful1'1ll th• conc111vity conHttona. 'l'h ... s• eon11tton• 1ttPte that. 
th~ obj~cttv function ,.....__-- t b.- cone v11 in e maxlm1zat1on prob-
l@m, 11n1 , vlc" v,.r , eomr.-r 1n • atnl1r1t11tto.n roblea. Only If 
th~•~ con . ltlons hol ! , an~ tr th~ r~n•l l~ r~r,lon 1~ eonv.x, cen 
th n•~r•l, t~ max1•1iet1on t ohnlQO b~ u~rl to obtain a 
rloba l o thnl • 
Th• ono lo int~rpr t tton or th~ one vlt1 eanJtt1ona 
• onb' 1u:c,..nnbl4' for nroblf' 9 in-
1t1on 1 unlt 1.ne1" !' re or th,. nro1uetlwltv r ltlonal 
untt ~.,. ~ "~ • 
T.v-m vh•n th~~~ con lt1on8 er~ tnlflll fti 9 th~s~ probl""1e 
t tl 1-.ol( thf! !'trl' 1J.htrorw !noes of lln RI' J'ro rn , lnl! . fJ c"n 
in trepl~ f:'Xa 1)1,. (61, p. 187) s 01v.-n a f 1 -with lln-
•n curve, 1t cen b~ 
sho1f?l ~r hloallY tbAt t ~ obj~tlv• runotton 1 now a cuJIY n~ 
th• o~t lmun Cf!ll ooeur t any oolnt or thlt' boun" ry !'lit lon of t.h 
eonv~x t . Aetu~111, th~ optt&a• 1 ht v~n 11• 1nsl ~ r. th~ 1 t 
If th r ts r.or th~n o~~ v rl.fthl~ w1th nonlin r o l~ tlY@ 
function. 
1 l\O'V th ln 'iff1cult1~• or nonlln Ar pro r•mmtni Oftn 
b• gras, i, an1 1t ts 8A~D that th• t~~ ~xl t1n optl 1~~t1on 
t.ohn1Qu"s r 11 to pro•l-ie olut lonn to nonl tn@I r prop-er~ 1ng 
problf!l!Qe b~caoa• of on or .,.Prnl r ••onss 
(•) Th.- la Gr1tne• oon tr int %1Jtlz tlon t.chntot.a" r 11• 
b•c us~ thfll l ialtln con t-r Int 1tr-~ usuelly not ovn 
1n • '!DO'-" t and/or b~ ftU ~ th i:ont1nuoa11 function 
con:11t1on 1ght b Ylolat ., . 
(b) Th sit! l~x-ltk~ proc~1ur of 11n~ r ~ro ra min~ fell• 
b~eau ~the o t!,u~ of noalln~ r ro l~~ o~s not 
Df!IO•a er11f oocu~ t on or th~ finite nu b~~ or Y r. 
t~c~s, ftn /or the .Y1at~no of nonoonv x r~as1ble r~-
lon• g 1••~ ris@ to loo 1 opt lu. 
Xuhn and Tuclf_.r ( 130) ro•l· th" 1 out of th le :I 11"911111. 
In thtt tr famous f'&J>•l' 1 "' l 1ng _ 1 h o~c 
ttlons tor Ot>tt WI olutton to ro ra in 
n~ sutf 1e1~nt oon. 
obl 
ro•-~ , a on1 oth~r thb\ s, th t lt t~ po~stbl~ to to 
t th y 
le 
Orani~ xpr ss 1on tor a 1 rg• ni bl"r ot l)ro r m tng "n """• vi th 
tb~ A pro ~rtl~s $ ln th~ elAsalcAl c s~. 7h!n Pn•r•ll7. -
t ton ot th cl sa loe l Oltt 1mir. t lon t <!hniou tonns th" bttst ror 
furt't:tt? ro,,..,.,.s ln c ans ln li'h lch th eontJtre lat• 11187 r•ou tr• 
infmu 11t1f'e , en th VA?'lttbl" h ve to "e onn,_g tlv~. 
tt•r t la d 1 usa lon, t t oul:l not bfl aurprts ln to ttn~ 
o bo~t of 1 1r~ r~nt m~tto J s for 
of' 
j~~t lv fan t1on un . 11n r constr int~ . T ns 
roughly group l into tho b~ e~ i on lt.n~~r a~prox!m t1one, !~to 
th re · 1 nt m tho Is, an '.! thn o r.ta l ln 4 t :op 1ng ~ti! ho s. ( 1 1 p. 
14?) . It 1 .h~ r ct~rt9tlc for nonlln~ r ro r , th t no 
on tho l X 1 t th!B t OJOU l . 0 
!\ l le t n 
!t,. 1nt•r t of agrtcultur l 3ono !!Its ln nonlin r ro-
ra l ng tt t• • fr<>ta pro h l • n cont -: \ 1 r e t.1~• 1 orti; . 
Ci f?Vft'f4 n l f- ;t 1'8Vfll t (8 ) b"'ln . mon th4" f i rst to t ~ l 
th .. ,. ro 1 R, w~r .. cone rn ~ th t ltn~ r togl' mr:l l soluttcne 
r son le , 
~n th orlEft1 th r,. on tor th 1~ to c.- th ·.::o r.l~t l• tlon 
of •conom1~• ot slr 1n lln r pro re 1ntt. ~.~ lr o s•rv tl~n 
1• rt inly tru" t an .~ c"n 
ocor 1n to t b• tb n t lea 1 strut- tur or thf! 11.n~ r pro-
r Tr.tng ~ l "'l t c !'olutton, 1nulu l ln t.hf" ont tr.a olut1on, 
l l fl' Pt 8 V tf''7 ot t fC'P-ttibl~ r r.1on, then oretne h nt n in 
th n- lmflnnlonal .,.,,otor c:pnCP • f:"t nof\, it mu t \'ft ny 
'PO it tv~ v rt.ra J., , 1 . .. . r •l or ) ok 0tiv1t if'!S t ~ thf!J"t! ft ~f! 
oon trntnts. Us1n thF t:oi; n notation , t l o ,.. n t ~At t ~!',. 
\l l ll alv ys b~ aumol Clo, l'• 138) eall• 
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thl pro])'!'rty or ltn~nr p~ogr tng colutlon thn r.eic thnor . 
ot l1no 
;.~ W!s ~1:1' 1n 1 11bov~, 1n nonlln "?' r.>r...,grn 1n . th o tt-
Ut'l solution Jo ~ irot nc. ~ ~ ~lly oe~ur nt corn 1" point, ut 
t th~ boun ,Af'Y of thP fp.p. l b lri ,.. !t.'D 0 ln 1t9 
1ntnr1or, ~- ... !.tttng rcnl ot1v1t1~ 1 «1· k et S.• t.t1 to bft 
1n nonl in" .r ro,;r mm1 ~ t 'ln 1 rt~nt r l t1ons 1 ~ lrt~ 
bPtVell'n tt.,., nu 'b~r or con trfl lnts n ' th · nue ~r or f'IO 1. ro ••-
rs blPa tn optmu olut1t)na. ln nonlln~ r ~bl~e vlth d i ·in-
1 hln~ r ture (or t.nor n 1 r r or o ttlr 
v lit w!.l l t n .. to b,.. g ~e; t r ( Slr'~ l1J>r) tt. n th~ nu r:r ot 
lnts.. '!"h i f"ll tlon• 2 h e 
of' 12 r r ror.r for 
nltu . ti.on~ or 1n~r ... ln r~tQl"Jltl c, 0 (' 1' -·-·) yt111l·'• A v WJ< ur;r I ;;:. ...,, 
ny (n~t ~ oug ) t1Tlt1 r 1n thr OJ>tlmu fllolut1on. 
l~e-. fol" -eono 1~G ot 1 1n at: r icu J turf', thny e itf' ~1!QTl0 ,,,_, 
AU" to f'l'Cl 11 t1on of lftb():r n t' n~'-C'lr.!~ t, r f't co~or:st~n, 
n ' Ch r ~ P.!" rtx~ char ~ or s~t-up t1rt o<tnu • ~ "'11 s fill"%-
l lnn in h J)1"f"V loua ~~r: ton, thttrP rot Pfii 1nirol• lo-
~1 Ot>tic 
' e u ing n ~r~1 tt eo .pnt..,tton l t1--:t n 1 a 3 to 
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r 11. Th~ euthor J)r~sPnt f'ouY' '-t~o " tor h"n '1 lng nonl1n-
•nrlt1~9, th• fir t b~1ng 1 •1 to co~- 1th p ohl~ 8 unl@r 
~er~~~1n r~tu.rn~ l 11tl•1 $1 pl~r ,roa~iur~, th~ oth~r 
thrA~ altn v tth ~eono iP or ~tr~ ensr.e •r~ ~A~~ · an JY.>•t-
optS l e .jas Pnts. 
r.endl~r an Monnin~ (30) 111ustr t~ th~ solution or a 
probl4ftft vh r~ on• or two lnput co~rrtcl~nt exhlblt ~~er~aa1ng 
~• r ge eoet (~eono 1~• ot s1~~ o~ ). In th~l~ na ~rtosl ~­
~pl~ thpY 11seufts a ~~ h~r~ ~v~rAg~ labor rfl('fu1rflltll~nt for 
ln lrytng lt. funotion of oti.tJ.1Ut l"Vf'>l, n ~ vh,.r.. ehtn" s•r. 
tlnaous nonl1nfl r eoet functions. Th,. solution JJroe• ur~ 11 
b ~ t on rat:i~trtc lin* r l'ORr&mtlnf: vtt T"'r1 bl~ 1nJQt coef-
let-nt • Th~ oomyut tton nr~ ~ thP~ ln•olv~~ but ~r.rmlt th~ 
ttPt inmf,)tlt of' 8 totel O!ltl • Thl' s~ of I) t1m ~~l"i~noln« 
i 1m1nlsh111g rflttu.rna 1a~ ton l!ntlv~ly slOJ)t!d ~ an~ aUt"Vf' • 111 
~pllcltly lllu~t te~ 1n n r by Ysron •~1 F.~n•y (?~~). ~h• 
~4"'!.n~n tunotton 1~ n~su~~ f to tA s~p•r bl~ n~ ~fllno . ltn~~r 
• ro~1.ml't1on e b 81'1'11 • • tter hP-vln ~tt 1n..,1 th epprox-
1. ttt lve .e'Olutton, n thu th~ 1nfo"10 tton sbnut ~ fl' ,,ff•c,1YP 
~on~tra!nts, th y r foJ"!'JUl t t tbft pro l 
clas le 1 o ttn1 t!on t hnS~u utln! l 
t n ft t solution. 
tn t~r:r.J ar thft 
GJ"en xprfl'g ton, 
ro ~ turthfl'r ontr1but1ons to t 8 robl~ with l!nP r eon-
t'ra 1nt9 sn~ nonlln ~7 obJ~~tlv• tunctlon, r~ lv n by 
r-ft n ~ l~l' an i1 U1'~l'fll'\' (':\l} n :t .v~,.1. {64). 
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u :J r tic ro r 
Utt rn t1c ro 1n 1 ub t o t ~ r..,.1ou lY 1•-
u M• nonlln r pro ,r ~ 1n , ro l ., w ~r~ th~ eon tr 1nt ar .. 
11n~ :r ncl th!llt obj.,.ettv funet1on on 1e\ or l ln r n ~ uet1-
r tlo ts. 
x or 
IU j t to 
h~ rohl c n ~ ,;t., t. -1 !!t br.lovt 
n 
~ •t ~-1 
Xj 
... , 
• bt 
~ 0 
x ) -n 
1 = l, ' ••• , • 
3 • 1, ~. • •• , n 
or, u a1n v ctor no tlona 
x or 1n s • c •x + x• ... x 
au j~t to x. b 
x 4: 0 
Aa in 0 t nonl1n 
nlOUf'I rov1 , ,. 0 Ot)t 
OJ)tinu lit l.o 8 •lo 
! 1tlons r fulftll~tt . 
t l OnY4!X' ni thu 
f'unotion co 1 t1 ot 
x. ~ ltne rt .,, n . ta l rt 11 • 1 y 
r ro'bl t th ,,., lo rte l t" h-
olut 1on, tr, n only lf, ny looAl 
1 o t1m 
Y v1n~ lln~ r oonnt~ int~ t f'• • l 
h'-' obj~ tt• tu r111 t con ltton • 
1 Int! r rt •x n1 tt OUA r . t1 
•x e • eone • or on-
t .,. one "'lt h aac1r tlc 
t ti'! t tll bfl 
oono Te only it th~ trlx 1 of n.., t 1Y• ~ 1 f 1n1 t" or 11" -
• ti.,~ 1'ln1t ro • { ' f'lnttlon 1~ l•~n • •• 1n t • l). 
ov , h~ uhn-
u~k~r onetr~lnt a~llfle~tion ls ~ t1 t1 , 9n r~ lt• of 
th• uhn.Tuck r th~or 
utf1e1Mit on 1tlon~ ro 
u dr tle 1n ro l 
~ lfft C ... .- 1) 111n 
v~r 1 l orlth s fo? olvlng 
or 
o~ ~, wh11 n al or1 
1!r ctly ~r'•~ 1 rron t~ 
1' h-11 nn-1 ., n ~ 
~u n .. Tu ~r con:.! ttlo 
nn@ (l ) 1 
• inel y 
J .. m\c 1 I (l 4 lrs, tn 10 e t"~s~r. t ' t ,. Uft 1 t -
od of Jin .. r t>rog 11\ • co c l!t ut t?loroud~ rv lu tlon or 
thP ~ l Ot'l tl°: !! 1 1Y D b orn (6"'). 
Th .. 1tcono to tnt"r .,. tton or 10 ut on in ae r ti~ ro-
JI!!"; in 1 t flt 1n ~h~ 11n T C f'. v,.t , tb~ .. e no te 
one~ ... 
tua11y, it ~rovl e tr ,.,.,-or tor con 1 r t n or th or~ 
r 11stle cone nt of 1 1n1 htn ~r 1nal r t~ or b t1tut ton 
b .. tv n r ctore ani or ttmln ls in u't 1 tty, ro• t Unt. th" t th 
' ta c n b tltt• to e u~ r tlc runctlon. Th.- Utt~ ot a ,,_ 
-r tie o a 1n for 1nv 1 Ion• • whf"r • 
ut111t1 or • a1n1 u• ~~~ot ' los 1 
y arko~ltz ( 11 "') 1n hla J)OrtroJ to ,.l~tlon ro l~. 
In th ft ~1 ultur~ llt r tur , o~ r 1 • pll tlo ~ of th 
~1th 1orounit • tou ~ J!1 ~. (1 1 
1 of eur lum 1lk ln t ~ .~th~~l n ft by ror:-ulntln ~u -
r tt obl t lv@ run Jon, 1xt' tn le tt: unntl y X1 " ~x-
rP !led e a tunotlon o th rt ~ l>t • AftAr tin !n (tf ,.etlV" 
on .. tr !nta , th.,y 1mputfl t b~ QSfa Of L8 r n ~ fon:ul ti n , ttJ~ 
co t o"' ~-- t in ~oc1 1 co 1 l"'r t 1 n f ('\'911na ~ th 11 
rlit~t policy 1n oll n1. kl)ynmn r.n l Ju ~ (19 ) 1n le t ~ 
how 9 tlnl u 11 lbrSu . mo:1 le or th~ ~m r.- f .. U~l"OD ty_ f'! n bn 
convnr ~ to f"!U tr tin t'rov.re . in• f n~~rlr. ~ol!t 1n1 .. 
1,..r. t ion or bA n r oe • 1.r. J nt vs f'.' t']Ol" . y n 1 
.01~. (165) . ' aF rruh 'f> (J56) r"por t• • ,, \.t of ' rko 1tz 
l'Ortro1 to fo l8t1on to t ro 1 ln nrl"'n' . 
lnt,. ,..r rogram 1n 
It le t lr ly o bv lou th t: ln Y r-r ctl l Tl 0 }r , 1 ln-
~ r ~ Ol lng lutlons o not ~ !I" nnl . thf" v -
r1 1• rtt 1nt" r • In gem r 1, hftn th Illl!!bP.l" of unit l'"'r 
ettvlty 1f' l 't'f'fl'I ( • • 3.6 olg to ~ Sn ·•lu ! tt ~ 1n no titm 
solution) , th ro l c~n bf'! ~ lly ov~rtJnr. 'by l"OUn ! 1n tl"t' 
• lu to th n• r~ t int nr (in thl ~x l~ ~~) . Y t , this 
roo ur f 1la co l~t~ly if th• ~ci~ion Y rt bl~ 1 ru J'IO .~ 
ta , u n thft v lu~ O or l , ~. r. . 11' it ym~ll1•• th~ d~ 1 lsion 
whrth~r e r 1n h rver.t r hal J b bour t o~ not . 'or ttua-
t ions of th1 tr 1n 1nvolv iny, in i lv 1 l 111 t!..- , l~tm~~,. nro-
l'O r inJ! ns 1t 11 o I!> 1 A c 11 1 , 
' 
t~ntl~l O? OlV r n~n ro-
,. 
t 
rlr."' th,. lfn 11 l':' int"' r 
f)V,J' • ! r.: f o.,. 11n~l}r e "" • Tl ,,.,0.,. ,..n 
1o t l' tn,.nt to r1t:U ar , 
" 011 'ti• T> "tt"'nt A • I !llt.rue u ,.. of h~ 1n flt!" 
ro ~ 1n~ n • ~h~r~ -rt.,. . Cl! • ltn~ .. r 
t .. y 
~ b" 1nt~r:~r • ~ ~ enn ~ rttt•n t ~1 wi 
,, • e •x 
If J 1 cont 1n 
t 1n eo • j 
lt 11' lln 
X Ol' in 
SU j t to Ax s b 
x ? 0 
x j an 1n n ,..,. , j E J 
1 
•ll j tt 1• n 1111 lnt ~r 
tt ta a ix-. int~ ~ ft!" ro~l 
,. ro~n tn~ nro l • 
0 1 ' u· Jl 
t ,.!l~ tr 3 1 1 
t 
ontni 
~ 
on-
pty, 
... hf' •V~lo •nt or t~ f 1ritt l'-orltha ror s o lv tn •ll- tn-
t~c"r ro lfl y Go ry ( ) tn 1 5°8 t QA be r"' r ! 11 • 90 -
wh t of' • brtt k throu • T o y nr l t,.r, t for' ,. _. • 910 H-
tlo tton or thft ortr.1n 1 ro • ur~, l! !ne olutton of 111'rP in-
t r robl 1 posst l• (8~). lntulttv lJ rib , Co .ory • 
.,tho 1 11 tn~ 11 rte or thn t• ~1 l ~ton ~ te~ o ~t on-
6 
t1t 1n 111 points with lat"' ,..r eoor1 1nat b th~ ""' ttlon ot n v 
~rrtol nt ~onstrn1nts, •o 11~' cuttlnR ~l~n•e, ~htch r• b•in 
~ 11•1 to th• or1 1nel lln~ r ~ror,rft tn~ pro l • h~9e 
01nt1, v1th tat~r r aoorilnst~s, r• te1"9•1 lnt~ ~r ]Attic~ 
J'(>1nt.. 1 tt 'I ln "-.""' con t.r11 tnt1, th11 oun l1try o! th~ fPaslbl.• 
re lon ! ft f1n lly b~1ng re~ue.. to th~ eonv~ hull r r~ al l~ 
ltttt1e J.)O!nt , etnt h,ince th~ o tie.um olutton or thl r f'ttn•~ 
n~ ~,,~ rtly n int . r~~ 1olution. 
Unfortun~t~11, th~ a J~ ltt~n or n~w con tr tntn fftn•r•l y ~~ult• 
!n t~i 1ou n J au b~rno ~ oo put tton9, ekinr. i~rr 1 1 r.~~ l)l"ob-
1 • "o ftt la~ 
«oo !'esult11 1n 
"4 ( ll .. 4) • ~ 
lnr·~ s lb l • •u r~v1t ( l ) tor me l , rf'IJ:'!Orts 
o~l m vtiP.r~ th~ r~·trS tton ~~r~ lea thnn 
oo . tntultlv~ or~ nt tlon to th~ Go~ory t~eh. 
a1oue t iv'n y umol (ln, r hap. ) , on math~ot l~ 1 
tr••tm .. nt of th~ trtohntou.- by Jra ' l•v caa. ~h11p. 8) n $j ~ 
( "'olt • .. h • 11). In a t ~ ft lon tG th~ t,,_ehnttJU" 1 Cor;iory, l.sn1 
n1 ol« (131) an l r• r~or.ntly Ma niya an~ ull~r (143), 
~r~ .-ntft·1 altt11rn•tlvft ytt to o t tn flolu t lone of int~ ~r pf'o-
!1' 1ng probl~•. ·iu~ to t t1ltion of n~v oonetr,.lnt•, th~ 
1ntorpr~t tlon of the ~u 1 ~~1e~s (aho lov ~rteft) ln tnt~gPr 
ro r . 1n olutton la mor.- trrtcult th n 1n th,. gf"ll,.rttl 
ott•"· Ttit!lr lnt~rpr.-t tlon 1 · 1~'lu e 1 In contr1rot1ontt by 
GoeoFy n P. umol (86) an t 1 Alkftl1 ftnd Kl~orlr.k (3). 
nomla s1rnlt1eanett of lnt~ er roe m tnp tor fl nus @r of non-
37 
coniuelv 1n h nllin~ t fol 
(1) lft ltu tton wh.-r th v 1'1~ 1~1 1th flasetion~l vel-
u • ar~ mo~ninglnss thl~ t~h 1~u~ c n ~ ~~ t to pro•1f• opti-
~l'l• t11 tu 1 1 
u~ rov~ (l~C) lght ~ n~n ion~ . tn v l~h h ~x 1n•1 th ontt. 
mu~ nu b~r o! eov to ~· f"rro ·~ ~~r anth. 
(~) It c~n p~ tt th !naorp;)Nition of ell o not 1nri-•t-
l l r . tr1ot lon. , suet. ~ . rt n ons 1 . rtn hf' l'e .. s~ of a 
cal:\bin .. , t.h" ~ lri li,, robl or t'1:x*~ -:?o~t tmrolv• ln cnmtn ,,. 
eo in•. c n,.,. 11y, th~ nrol' l . ! cf rs.x~' oo. t or 1'1.X•d etl r • 
nl of 9 tup ln or t1 r, t 11 tnto thl~ ~ tPpory. 
1~t1ona r Gulr 1nt ~~r vnr1Ah1 ~ of th~ !~ 1 or o. As ~n ~·­
~mpl l~t e3 ~ t ~ n t r ~nu~ ~r unit cor" , x3 th• 1~ 1 or 
corn n ? A3 the nnual ~tx~~ co~t u~ to th~ Ptnt~~n ~ ot 
ut ~t rcr orn rov1n • 
wh re 
No~, l~t 1 b~ a lnr ~ f1n1t• nt1111b r 1ni1e ting th• up~~ boun1 
for x3. A1 e r~sult, 1n ni 1t1on to th~ urunl 11nP,nr pro. 
era ln.r eo~str 1nt (Ax • b) th r~r.trlctlon 
vhloh ean b~ ~Tltt~n •• 
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xj - "' ~ O 
ust !nolut!ed into the pro ra • vh•r y la e duwcr:;y v riabl 
that uet •••wn• th• velu • l or o. 
{3) It allova th tr.- ~flit ot ~ono 1@• ot 11 • robl•1, 
y tncludtn cmt~rpr1e~• ot v rtous dtsor~t~ Rlzee ln a progra 
~.«. del.Jay ~nt•rprls~s v1th h~rds or o, 10, 309 or cove with-
out CQns1d rtnr, any 1nt rmedlat activity l~•le. A r atr1ot1on 
of t~1• typ• c~n b• lll'1tt~n •• 
x3 • 10y1 + 3oy ... r 013 
vh-re 11, 12 , an~ 13 er lnt gere. It only on• of thes ~Airy 
t1v1tt~• ehall b lnclud~d ln tho o ti.mum plan, the a~ 1t1on 1 
con tr• int 
1 ~ Y1 + Y ~ +- Y3 
coul ,. ad<l a, althou h 'ht1 la otttrtn not n e eaary. 
{4) It k~• tt 1'09 lbl to tnolud• ~1th~r.or oholo~• tnto 
• ro ra , as vh~n on~ voul~ ~tth r k~ p ~ try eo • or hogs , but 
not both. This r strtct1on c~n b •x r ' ed 1n th fot"ll 
XtXj • 0 
1tnd onn b lm.po .. d on 1"'0 ram by thP tvo 11n~ r ln u 11t1~• 
X1 ~ dtY 
X~ ~ "l ( 1-Y) 
vh~rft '1 1• en tnt.-,.~r confln d to th• •alu-.1 1 or o. Tb a f9v 
xe l a 1v~ n lmpr aton or th v~r t111ty or lnte ~r ~ro­
r 1n • 
A dlsous1lon of th~ str.nttlcanc~ or lnt~R r rogra tn1 tor 
3 
v rtoue 1'1"oblm• 1n ·~rl u tu ' 
I! f 1rs 1Yl'ln by . OU n 
y (33 • • 1t o~tn tn n .. v of t 
t 1o .a ln gr1 u tur~ rtf.al· 
to t l ' U "D 
! nrov~nn or t~J ~1tu ion e n ~ ~ 1n hr tu 
n o t l o 1t . r1 " • 
In on Go o ' r , -U• r~v (]~~) r ports 
on th ~t~ !n t !on or n o" Ur:\ f~ 'rrov1n sc .. ~ ul by u or 
in • r.o~t.n (l~~) 1t?V lo ~ - co v~ ~ro-
}'r x-1 ,, 1onr. thft t 8 J lo or 
1p to in"lU 1l h~ o j tivft fun 1on 
~ 1 tn h• eon t 1nt • ts u 
( ? 1n 
t rtinl 1nt 
at> o 1 " t~t o not 1"f"Cf U1r 
-. lu 1on • Th!s p ~o~~~ 11 
"ontrttutton y Jl!n 1 r.nf.l 61 (11). 
t r 
on th,. 
8 ~ r11r1 . ., in th ~rfll'V 1ou l"-' l"fl £ ha , 1n •r,nJ' ?'0-
f'.r r.: 1n .ro~l ~9 • •v r to ny "'n• ro 1,, Cf'!tl 
ot ~ e st into e 11n r n 1t 11 11k 11 th t it v!ll 
b~ rnl l y u td ln 1n h~ utur., , h• 
t: .. nrr l l1n r ro ro ine o ., ~) 1 in u no·· 
~h •x re ton " yna le ro ra 1n '' 11' use 1n th~ lit,. -
ture for tvo ' lffer t proc ar•s. loftllD ~ en~ n~~ Y (136) 
tntro luc ! tht~ t~rm vh~n pr e• ttnr 
took tl ~ x~lic1tlJ into c n~ld~rnt1on. Th!" mPtho ts b 
on a lln r od-lt ftni ls r•f rr~1 to 
ir . in • 
f yn lo 1 ln~ r pro-
t1o 1 t hn1~u whl h th~y -v~Jo ~ by stufyin~ v rlon typ~ 
ot a a nt!al el~ ion ro l fie hi~ trchnt u . li1ll ~ tb• 
subj•ct ~tt@r or th- n~xt eh t~r. In thl• •~tlon th• one Jin 
vtll b~ vtth 1yns~lc lln r pro ra 1n«. 
""yns lo lln ,. pro~J'r.t 1n e11n (' a l " u·1,. 
ton of t 1 n ~ l ltn~ r ~ro rnmrntn~ ~o~~J . It 1 tyn 1o ln 
th- Blck1lan • ~@ 1.~. h 1n ut n! out t eo~rtl t~nt~ r 
. t,. ! so that thfl 1 1 ntlf'ic tlon ot any oo fflf"l~nt ln th,. a. 
trtx r•f~r8 to ro", ~ol 
t11n a 
n. t 
z = ~~ 
J•l k•l 
n t 
eubj~ct to 2: 2:.. 
jal k•l 
!'obl ot th1 kin" r., eha 
h 
CjfrXjk 
ljkx jlc • b lk 
rj ~ 0 
ct~r1~•' b a 
rob 1#111! n ?m wr 1 t-
l -l, • t • • . , 
j • 1, • • • t ft 
k - 1, t - ... , 
lock 1 la Omtl In-
lt1 
put.oatpUt trlx. Th Sn ut oo•ft1e t nts tn tth'l~h yea r "'r• un-
lly the ~' • , unl••s eheng s tn t~ehnolo1y n ~ to b~ 1nclu ·~~ 
1n th rogr • Th~ blocks eorrespc>n~ ~o thP. stngl~ r~q ~s n 
ern eonnPete/1 with .- eh oth_.r b7 int•rt poral ci-p l tol end , Y-
be, lsbor vectors n rows. 
T 1 type of ~o 1 ~rm1ta ~ mor r~ 11 tlo rormul~ ion of 
f rm probl ' ' $1ne~ t ftY &llO thP 1neor110rat1on of the t • 
,a.} . t-nt in t:• mo ttl 1n t!n ~xnllc lt vay. Ustnr, th.-!! nl r 
l lnrar r>ro nn-:r:.ln mo l 1, th@ opt bl 1s lwys ~o t•d for on., 
~1ncr~t~ polnt ln t ~, br1n nt r s~nt or ln th~ futur~ , -
pftftd~nt upon th~ ho1c of th~ 00 rrte1r.nts. rn any ~ ~ 1t 1 
l ys stntie lyf'1a . '}'nn le lln r l"l' rr ,ming, hovt-V"l" ' 
p nri t ts th oaleulAtlon or opt1mu: plnn ror •~qu•nc~ of 
r~~ra , and th~s• optimum plnn~ vorr&nt the max 1~ tion ot th~ 
o j~cttv~ tunotion ror th wtolP p~rtod oonni t~re 1 , en~ not onl.y 
for on Y*""r. Th"' 1ncorsP of on~ ye 't 1 thtt 1nl)Ut of 011p1t8 l in 
thr> folloWlnB ye r, nn1 thus, th8 oruobl rol of vorktnr. capt-
tnl tor a r 
'1 onr. th l'11c~t1one , th.., 1 ttel1t y lott•r.'-'r . n •1 1!@tti1y 
(1~6} 1s ~ntton tt~~t , since tt intro ua~ i th t chnlqu~ to 
thn rublto. In th19 p•r th• ~uthors tu l 1f'd t clot• r .. la. 
tlon ~lp bPtv_ ~n th@ consu tton ~ t rn or t ~ r~rm fncily , an 
t rurth~r llV~lo tmt or th,. o• r Jlf'll' !o~ of 1'"•ra l 
rs . Th~ $ m~ conc@pt wn~ u ~ntdl t1 { 1) 
ln an 1tlv~1t1get1on 1nto flV"lO nt tilsns for lll1 ttt1tnant 
fOJ'llls 1n fout. rn I' ly,. l'ftn'! l r (:'"9) , 1n a not'! on th 
Loft ,.r , •n•1 J:fledy ttrttel", tJ"ln Jl to l"Pl nt f" t h" cone pt of '1y-
1c lln,_,..,. rogrni:n l n_e to pl"o~nn·1mlng •1th Yartabl oapttal 
r~ tr1~ t1ons. 
?ro• t+h~ fore1otft1 r1b1et.ursloa tt wt'll. be l"M•11ed tht.t. o,. 
~l•l•t101t t!"1tlln1~•*• OBft u cls11ttle"t 1nt~ thr~• tiftt>JOP st•ges, 
the ca.toult:ur •t:>Pt"o~oh 1 tb~ llaelll!' prof111u111~ln1: aipl)rot:eh,. ezt,d th• 
nonlme~r ~gnntng •~pnacb. nynaatc tJl"oenmm101 he• to be 
l'•fr?t~•(1 .a• a tou.rtb approach to Of'tlltlf'•tlon. It uy 'be de ... 
ser1\'•~ ~ !1 th• Jtapplloatlon ot tuaet.iottal. ettUA!lt.J.ona and th• 
BtJllnn p?"inolpl• or optS.allty to ·~u:~ttAl ''H t.slon pPobl«mz•~ 
( 11,-, P• Sl~) • Tb•uu!P tb.••• •le11tt-:n·t11, tunetlt)Ml ~u.,tton., prbt. 
elple of optbial!ty, f\ftd t•Q\u~nttal <1ec t11on; iaM ohar&etttl'l1tf.o 
fo'l' ffeh f!ymralc progNnlng probla. !he •Mu*'ntal. dee1•lon. 
mtght oeeu:r ln tbtttt t.n •·ptce, or genel"•llJ ln any· n-~bt«ttlonel 
tf)ttlnr. Th., teehn!Qtt• can •l•o be •J:r>ll•d to e etette •lloe•-
t ion p!'O'b.lea •xp1'1ttused ln • *"U.tll:rtt la 1 fhm.e\rOrk• 
,, aob sequ.-nttal dec 111ton proe•$• so tol"lltil;at•dt een b• nb .. 
dl•U•d tnto s!ttel• st.~c••·• At a ~:rtlouhr 1ttate, • 'f)J"O~••• 
e1ta b• ct.m )"~ct•~1t•c! by tl~• so oell•d 1tflt~ V~'l'lal>l••• As the 
sy1tea <thangP.>e the stat• V1'rl~bl•a ¥tile<> •1\•~ th~tl!' v:.lu~•• 
TtH••• 1ttittt V3Flflbl.fl• ~r• r1e.it~ndn.,.d wtthhl tb• sreta as op. 
l'CUHH! to th• deabrloru1 •~rltJJ'bl•c which 1r• ttibjf.k~t to dlr.ct 
.oot'ltrol. by t~e (ifJob1ton m•'k~r. 'tht' f'Hslbl• s~u•nf:u\I~ of d•e:·l· 
aton• that 1~n -1s to th• uxttr;tr111tton ot tbe obj-.et1v• fune1:1on 
t• o~lle1 o)tkisl poller. !h• d.cteton ,et •llt?b st'-'t• htts to 
follow th• J)rtnalple of' o~ti.alltyi "Aa optlm"l f/Ol.1oy· ha1 tb• 
t>rt'JJ)Ol"tJ that, whatt."V'ef' tbtt 1n1t1el •tate and th~ mltlal ~lf)Cf .. 
slon, th~ r tn1n ftel,,1one at~ on tltut n o tlul ~llcy 
Y1th r• r to h~ stat@ r~ ult1ng rro h~ f trat ~ ci~lon. 
( ' '+, • ~ ). Ey a ~1 1n th1 rul , • lti:U ~ lonal prob-
1 ls r~ ueed to a etnt ft tm~n ion•l ~ro 1 • h- or• of 
~ ch 1"'0bl t the to lntlon or th rrourr~no~ r~l tlon lp. 
It m 11~B that ~~lston to " ff1 nt rttoul r 
stAg@ o! ~ • proo~ss n l sol~ly on th st t~ or ~h~ ~roe s~ 
flt th t ~t8 ~. 
If t n w st t~ 1• unlqu~, one h r.,.toua ntat• nn~ th~ 
@eteton r• ~novn, h~ ~~o 1 1~ ~er~rr to • Pt•ra1n1•-
t1c oaft•. Y t, th~ new t~te 1P-ht - tntlu~ne•d ot only by 
th ~4"Vlou1 tatP ~nd t~ olston, but 1 o y a nn1'0• nJ"l-
bl • 11' th~ pro blllty ~ 1Jtrtbuttnn of ••rlabl 
1 known , thA probl~ 1 oal to h at tc o ~. A 1 h r tt-
r• of co 1~xlt1 occur. hen h~ ~ t t~ or • ran o • rl~ 1 
11 r 1 •ft• • ~ 1ttonal lntoNeatlon about it cou~ul t~ 1n 
th~ oours• or o l'Ut tton. Th1 ts th~ ~ ttv e a • 
nyna to ro~r ln •1 e ev• l on 1 i-r le "iY•n-
tAg•s 1n co p rl•on to oth r t ho l s . lrat of Rll , t ~ th-. 
tto•l tructur~ lft so cone~l•~ " to ~•1 vlth x tzltton 
o••~ e tlm~ hor l~on, n~ 1t lt1 th• in la•lon or etochnP.ttc 
~l«'lltmta, or ftd ptl•~ ~roo into • multl t ompotatlon. 
"'uoh probl~s e nnot tta knd by th or~ tr . 1tton l ro. 
r• tnr. t•chniau,.•. '-'it r •J"rt to tt n'J tar" or th tunct tons 
ue•~ to c1t th~ probl , no a ctal r etrlotton hev~ to be 
s tlsfl • T ~ r turn function, ror ln.t•nc~, cnn 'l ~l y non-
11nf' r1t1~s, d isconttnultl~•, or kink f'n·t 10"• not n,. .. ., to @ 
~ 1ff~r~ntSabl~. 1-~n co l>l'~- 1 to th~ ~t of ~ 5Q ~ ton to b~ 
tulttll~ 1n t~ ltnenr ~n1 nonlln•~r ~ro ~ tnr o 1 • thl~ 
prop~rty of 1ynft le ~ror,nt lnP. x~=plttl~• •bov~ Pll, th- Tf'r. 
s~t111ty or th~ m~tho~. Tbls ri~xl lllty ls · u~ to t~~ eomJ'Ot~r 
ort~ntat1on or th t chnlqu~. Th~ an ltc .. tton of t ~ m t~o1 ~e­
P n1 ~ complrt~ly on th~ ~Ya11 tl1ty or eo nut~ra, ~n t @ W1"1t-
1nf or th.- com t r pro ra for a 1rtleul r probl "' 1 ss a 
rul•, r th~r ~tnl 1 ht forv.r~ . l8•tly, th~ nstur~ ot rn• Sc 
progrs min Sf!~a to corr• ron1 to ;, l~r ., .. xt~nt with thf" un-
n~~ 1n w~1eh r@ 1 1~1 1on1 er~ cai ... 
Ont' of th4! ftjOl' ! 1 Tontsg ft of thfl •tho ~ 1 th~ CO JJU-
t~ttonal 1 1rr1oult 1~ th t occur 85 5oon B th~ numb~r f ~cl­
slon v rlabl • ~xe ~i s onfl' or t ro. Thl• problf" t oft n o 11~ 
th -ult111m~n tonality obl • ThP ta ~~~utrfl'l:~~te ~r~s~t 
anoth•r obst~clfl!. l,'h tl.- ln lln..,~r T>rogr tn on y n1n 1~ eo-
~rttol~nt ot proctuctton function h ~ to P a~~a1t1~~ , ynam1e 
~rof~~. tn . r~ u1r-. thr. 3~finttton or th vhol~ runot1on 1n 
nu •rt~--1 t~l'"lll• · rurthf' or,.t JynAmlc pro r1 1nr. 1 • v r 
s c1f1e Ap~roech th~t ~t be t 1lor• n1 aUAl lfl~ ' for ~ftch 
in'.l 1• 1 u• l pro 1,..,, t"ov l J 1n mim":rlce l nn v~r ut o t~r l\O 
, .. n~r l for.Ula t lon h •• bfl!f'ft , lvfln. hn , th,. 
not s~tlsfy t.h~ pr• ~ ll~ctlon ~r many r~o•Areh~rs ror i~n~:ral 
rul~e, bot foro~• him to blf'>Co e •e ply lnTolv d ln atat1st1cnl, 
m thMtfttte I, oomJ')UtatlonAl n r• 1-world ~er.•ct or hie prob-
1-m. 
Th~ lit~r tur~ on !yn tc ~orr tn 1~ o ins e Y thft 
ny contrt~utlon or ~ 1 n n~ ls e~r.oe19t~c 1ho ~v~lo ~~ 
thtt t h tou• tn t •ft1 1. hntr v k 1 w 1n tl.fO 
boor.,; , ( l ) , ( itq. PoWJ11 r~ l"~l t,.. th_. Sr '01" to t:: o n~_.pt ot 
'nr~ov oh ins (l~ • In thr P. r1cultur 1 11tt11or" :.u1"'•, Jo nt'lton 
(JJ~) r ~~nte v 11 wrltt~n lntro 1uct1on to th• ubj•ct 1 
~ 1 cus 1n• -- yna . le nro r rr.r-1nr t o r1 n 1th othf'r opt1-
a 1r. t ion t~~hn1<.:UPs, ln t hf'l ll' r~lf"fnnc~ to th"' th•ory of th• 
rirm. rimtl r lnt!"O nc-tory r.:tu1 1f'! put fon:r.r by Thr by 
(l , (:"" O) • .-. urt nn1 ll i on C:Z3 u t.1~ a -t:m" le l)rogr a.~in~ 
ltO 1 ot th~ Po r! ty • t'o!' a tu ! of rotntlon problt!llS 1n 
K.en1a. • 'l' • en ,.. In~ o~ mode>l w11 s us.- 1 ~,. nu t { ~~) to tu·~y 
lnvolunt ry r~~l c ~nt u~ to chhna~ lmn~nte. study or ~~ 
o tt · l poltey 1n s~ll!n butt~~ fro ~ 7~~l~n 1 to t ~ U 1t ~ 
ts a nPv an y~t un~xplor~ . r ~~ reh tonl tn irtcultnrril f!Co-
no 1e • A roo ~ of thol't)Uf r r~~~h Yf 1 • nr~~ 99ry Sn 
t A 1~ r to ao t b o oun v lunttnn r th~ t e tou~ 
e n ott ~t~ 1 . In · ! , thP- gr~~t T"Ot ntt 1 
1n it ~~ring on v rl~uft una unt ly $Olv~~ 
~cono 1 s ot 1eu1tur~, 1~t su h n 1n u117 
i l'lnireblfl. 
r • of a · 11ent1ons 
or t.h~ t~o ntoue 
ro s ' n th~ 
ftXC~ tngly 
s h~r~ th ti e 
el ~nt ~nd ' t ano~rt lnt ley kAy rol • A3 th~ con td~ra­
t 1on or t1mA 1n ou ™> lnl rrrqu~ntly tmpltP.~ 1 ti\ unc rtatnty, 
t hP a 1b111ty to eo lnf! 'tot of t~ 1 ton king 1nto 
on mo ~1, will ke th~ a !1 
.., fl!Tlt u 1•• n • •1 o •l oc t1on ro l 
Sn th 1 fra flvo1" • 
n bft for-
Y t, ln th 
that th t~chn1~ue vSll 
r etlc8l 1 1r1 ftnc • 
u ,. , only "• r~ n ro tool •lthout 
urth r ln•• tl 8tlon« vtll rob• 1Y b 
r~strlot 1 to ount~1~• ~n r@ • r ions 1c O n f Ord 
to •lloc t l r ~ tun a n 1 hly t1" 1n !'t act nt1 t!t into basic 
r~s~ rch, rnth•r tt-.an tr tn to brln th• oth~t' ' ,. lOJ)f! tool• 
to r et1c 1 UB., . rt"r this ~ftVf'lO ~nt•l st s1tu tlon 
11 ht 0 n • h• c r ct•rlst1ce •l'l tutur@ ct• of dJ-
lo ar . .,.., . 11 r to t 0 or l•tion ~h1cb 
vl:tl be In thf! nt1i:t ch pt•r. F.oth to ls r• r th ? 
co• 1~ ut • r ttlfl, •n • r to 1n thft rl7 st • ot 
"~lo ~nt. 
" 1: la t lon S s ~n~rol ·~ roech to t • 1tuly n d us~ or 
• 
tlcul.Arly n.tN ap o oh. 
tr icn t or ••rt 11 l?&J)l .. • 
th y b~hl)' m-
o slmu et 
t ~ r~ l •eono to ~orld or -por • ot lt. 
langunRft v lo ts u .. 11 to ti.'lry>:P •• th•eft o d l•. In th --•rl.1 
b• 1nntnr of ono tc an.ftly ta, or ln ry t)J'OfJ,. WA t ~ o e len-
to . • w tch VII ll u • ''• It .,.. eupf)l(: ~nt ~ ll:r p1,,to1"11 l fllO "t?f' 
end let~r, ~y ro l 
to f& J!OVf' fu l too la ln ha r ~n tn.r t ~ c nomic 1nT~et ifa t l~n • 
~ hrul.a Son c rrl • ~h1 
loit1nr, fully +-b~ -~traor 1nary a c1t1~s of l«h s • ~ oo -
t"rit. · rotu~, c~~trleAl pr"•~n tlon .an~ f'o •l thnatteal 
~tho~• r DOV 
flow :!tarn s. 
1n su l ~nt•~ by eo t~r lan ~g~ end 
tt.~ n•v t~ohntqu• ~ trr~r• 1n ny ~ ys fro 
tlonal ~tbods. All for 1 th t1oel M :,iAla prn l \ th~ 1)01-
a lb111ty tor a ~ uotl• Pf'fv tlon ot 0 e~nnral solution. r.ow-
fltYj&r, this f'1l"'r"' l lt1 ls 1 u~ntly tt 1n 1 at thtt •n• or •n 
aceur t ~ lctton or r" ltty •n 1 tt• ta to r •nt r allt7 
or olotu,ly r c!OQJll ~1 to fe tlur b•CfltU!f' th~ pl'() 1 8 l\t>COM 
111 lntr!tct• 1 ... . hnll tlon t~et-.ntqn,.a 1 ck this 
""ll" 11 ty. ob s l u lat ion ! «" 1, "l so t rmei1 a IJtu l• tor , la 
onetruct ~ to tit th ~ttcular ~ono lo ey t und@r lnv@• 1-
g t1on. T P rol~ or • pt1rttculnr ttlmtlatlon ?tO ~ 1 for ~ono•1c 
nitl71t1 y co ed ~ttl th al n1f1c•nc of an ~ rill n-
ta l e.,,t.up 1D th ne tun l ec l•no&tt . 
oonst ~r~ •~ an f!Xl)~ri.~n rto 
rach compu t.nr run 
• ' wit th od~l. 
y • 
In th11 
S n t tilmlAtlon T'OVi ~ 8 tl1 ftCOnO l~t with 8 "'tho Of ND• 
nlnr labor tory ~rpcartm~nta on •eono 1c y$tec • 
n ,, • 
T • troct co ~ ntc tton vtth tt. eo T1Ut@r eu 11@1 th 
sb.ul t1on t~ hnlqu~ "Vlth n•r 1 a vent ~s OTfl7 oth"r r 
comtmtiona 1 ntho • · T ,. llOd"l• aan ~ l with or l~ and 
r~ftl1 tlo ltu t1ons n~ 1n b•tt r c ~ord n~ with th ~rttcu. 
lar probl• unJ~r tu y. ~11 kin~ of non-11.ft~ rlt t~ , t - -
laY• •n~ 1scont1nu ttln$ c.-n b~ tnelu 1td. Tbt.s t•ot rte ~o 
s ul tlon, unique ~ro rt1~e for 9tu~1 a consld•r1nr une~rt~tn­
tt~ en~ 'yne le rel~ t lon•h1pa . Orcutt (l~Q' p. 90~ ••• rta 
th11t "sS. 1 tton 1 th~ only knoYD •'P :roe h to thf! " tl•f' etorr 
~tuc!y n:t us of nny or th8 •xlstlnt. yna te ls or •cono le 
11y t s ror vhtch ny 1>r•t11ns of r11 ll ann bP- ln bl~ • " 
~tnseh,.nck ust-e •lmul .ton 1n eo bhln !on wtt t')rorra lng ro-
e or~s for f ra nl•nn!n un ftr unc~rt 1.nty, and nn~l'•r• t • 
s l.mal t 1011 o ,.l• " s th4' ao t hl'POrtant brt 1 r. .. t" fl"n ett .. 
e l xt n ton ~or~ 1ero oono le th ory~ (~t~, • ')r) • 
F.utton fa?tth.-1' atr•s tt bttllatton• 1 port ncft (110 9 P• J4;."6)s 
''In o•~ .-xtr ely eo•pl ~ J>robl ,.., ~rtloul rly tho ot 
stoe stlc nature, almnl•tton ••• 1 bout the only r•aou c 
that v h •• tor qu ntltatlv nalyels0 • 
Anot r edYant • ot etwl tlon tflm8 1"0 the f act thflt 
quft l t tlv@ as f'eta or n ee 1• ton t11 le ln c n b4' inc lu ~d 1ft 
oomJ"ltflr pro nas. t-~P.ra 1 comput~P r~orr hov• b4'!'f'."11 wrt tfl>n 
th t ar a le to ~n 1 1 non-n ~rlc~l • bol!t n oth rs n 
eo11fy th~l'P O\fn pro i- 1n an ptl•" " y ni1 account for "X-
ftrl~ ~P ftft1 b"1!r1 ttc ro •as a. Th s a ~ote ~n o •lmil•-
t ton vi th a eh roit r cope tor conoml ana ly~l• tt-.an asith. 
f!'fll~tioal o ~l• can provl,,.. 
A t v eth~r •~ntRJ s of tb1 tt'ehnlqu~ r@ ort~n 1)01nt~~ 
out 1n th• llt r tur 1n lu~ 1nt. th• ap~ro ch it t'.\rOY l d11a 1n 
t•ekltne t r.r ~tlo~ probl~ • noth~r b~n~rtt or eltllul•ttoa 
•" • to b~ th t tt o n b,, ore" slly u f" i th n om«ntlonal 
a ho a by t ta lAetctnr, • hl h~r ""' r e er th t1cf?l tnln-
tng. Yet , thts polnt l qu-. ttonabl~. 
1 lvanta 
llf.ul tlon techn 1qutts • 110 hftv a 1 v ~ l !"I ntn ea. A1 
"' alt-"• 1y point out, ,.ach trulatlon nm pr0Yldt1>• the en•v•r 
to ff 1f'1c numf'rlc l ro J , but t 1l. to f)ro•l en lnsl ht 
into how t fl 8 ft9Vf!r oul ft 1nf1u~noe1 ., a eh3nc 1n on ot 
th J)'tr m@t,.re. Pov or , th~ in 1nt~r• t or th• r•e•ftroh~r 
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tr ~uently c~nters arouni th~ ou~~tion es to how an eeonorn1e 
8yst~ respon~s to chsngPs 1n c~rt~1n oon i itions. A lArge num-
ber of computer runs hes to be p~rformed to procure t~1s 1nfor-
metion. 
It h~s bP~n mPnt1on~d t h t s1mulet1on proo~1ur~s arP opt to 
cop~ with VPry comnlPX probl~ms . This also mP~ns that thP ab11-
1t1Pe r~ uirP~ from P r~sParchPr must b~ VPry h1,h. The ad~qus­
cy of the rood-.1 dPpE>ndA larg~ly on his com-oPtf!lneP snd skill to 
self:'ot the d~c1s1v~ vertables and to rf'eogn1ze thE' crucltll rP.la-
t1onsh1ps betwPen th~ d1ffpr~nt var1Abl~s. This is th~ most 
difficult ta9k 1n building 8 simulator . Th~ studi~s n~cessary 
to sel~ct tbP ripht vnr1 blPs nnd to ~stablish thP ~rop~r rPla-
t1onsh1ps r~ou1rP. a s1?~bl~ amount of rPAPerch . u~1ng this 
preparatory analysis, thP rPs~arch~r ha~ to gn1n an und~rst&nd-
1ng of thP op~rat1on of the system, to sp~o1fy th~ r~l~vent 
r"let1onsh1ps and to g~th~r th~ data for thf'ir ouant1flc t1on. 
Only whPn this pert of th~ simulation study wh1oh rPprPsPnts A 
11'8jor nort1on of thP proj~ct, hgs bP~n eRrr1~d out thoroughly, 
will thP rf"sults of thP. mod~l provP to bP valu~bl~ . This eon-
!1d~rsble ~count of t1m~ to bP sp~nt on supporting rPsearch is 
p~rheps on~ of thP most un~~e1.rnblP chsr~ct~r1st1cs of s1mul~­
t1on. In addition, th~ r~sParchPr must not only b~oome thor-
oughly Pntrf"nched wt th mtnut~ dPtA tls, but he also must havP 
co~cend ovpr thP tPehn1ee] knowl~dg~ 1nvolv~d in York1ng with 
flow di~~~ms and writing s comput~r l anguB @. This high r~-
qu 1rftm~nt ~1ght b~ rPspons1bl~ for th~ limited ~ppl1c~t1ons 1n 
e r1 ultur~. 
In e nlytng pro r 1n ~oe~ lur • , thr sointlon umi 1 y 
proYl s a loc 1 o rlob•l optbiu , h~rees a r1ncl• run on a 
is:ulator yl,.l 1 only a polnt on thf' flo1ut1on eurt• c-. In o!'d.-r 
to o tn 1n an l ma ut th~ ovr.r111 !lh y~ of tl~" colutlon :sur-
r~e it 19 n c~ g ry to .,...~ro sf'Y~r l runs on co~ t~r ch 
t 1lte ebunr inf.: tt·~ v lu c of Vl'lr labl~s un~ r eontJ"O • 
f!t.eul t1on h• b en . rter1b"' J nn t~~hniQUP ~rm1tt.1nf, 
m nag ient to np r ha nt nd ttnft 1Yf'~ thP aonsC"'Ournc,.. or pur -
l ~ irr•rAnt pol1e1 s. Thi nt lY in c~n ~ p~rrorm~, without 
ttln th po11~1 
Qu~nc•a or v rloua action., th~ ••ol danc~ or ~x nslv~ alst k ~ 
b coa~ oo lblP. Thin r*pr# nta on or thP ~ tn b~n~r1ts of 
~lmul t1on. 
Tvo •ll~htly mo 1r1 d V'1r iant1 of e 1-"ult! t 1on, onte CaPlo 
or t 1oM l Gaci 1n sh• 11 bf" m,.nt 1onf}t! br i"fly . 
~ont• c rlo •ttods r • 1•1 sb:ul tton t chntqur-s wt~ 1cb 
ar u oomfAlt r 1• ue d to 
to ~l h •r~ r~~ into th s:od i. 
In t 13 y • ulat lon of stooh stlc ro ~s~ 1s t:IO si l • 
O •rat lona 1 G •1r1B, l'usln sa O • s, or Br l4fl.y GlfQ1n ., cen 
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nonr. l e 
1 t 
nl t1on proe 1ur , t 
e~~ to t ~ f 1 l 
f~~t of t .~ 1 1t1aJ r.et of 
,,,, of t n sy1t • 
A on c~ nr.-s 1n o"'rta In • rta l" r u lr .. 11 • n~ · co nat.-r run. 
In o r ton l !nr; howt?V r, t~~ s!cul tton rocrr. 1 IJ"!"1orJ. 
1 •lly lnt rru~t · , ftn n ~~etalon king tn ~rrnr@s vt t 
th~ svat .• Thte tntrrf~rr.n ~ or t ~ hu n 1 ~e1~1on klnr •l -
•nt 1 tin n1 h s b tw ~n oi~ul !on n· o~•r t1on l t ~ln . 
Op~r tlon 1 G ~tnr. ~rv~e 
ut1v~~ n fo~ tP ahtng 
rof• slonal ~orkaho 
st 1~1 nt. It ~boul 
• 
a inly " e ~ f'Vi'.?,. f'o,.. trn 1nSng ot .. x. 
M f/'nt r 1n . ! l"!t l,, CO _.,,.,.14 ll 
As o 2""Pf"lllt'ot1 tool, it "~ not b()"n 
P .n 1r.~ hn 1t 1r not nn o~t1-
t~ tton ,roe~ ur•. ath~r, ~ny g nes mi~ht ~ n~c~"g ry b -
for d is !notion b~tv•~n fOO rl Pn bft~ d Cl!IOn 1 por!1~1~. 
A l icattona 
Amon t ~ t!l an t~"'tmtnu,, cont 1r1!ttr<'d in t ls urv~, 
a1n:ul '. ion 1 h,. r..ogt v 1" til• n roac! . To co tty fln 
~ r•c~ ton oft~ soo ~or simulotlon, 1t . ~ ul~ ~ ~nt1on d 
t!i t 11 pro l · 1~01t Ylth l.n .hifj th~ 1 oclt' AXprr;~srt! 
y !?nu l~ • 1on i~ehn1 un • tl ula t lon e 11 at 1on 
pli~d o rr.pl•~ ~nt, qu~u lo n' 1mr~nto7y pro l~ n, to nr1-
n g l"ll:ll er a nn ~ to 1nt~rin"u try etutli,.s . fa~t EJ'OV• 
1ng tnt• est 1n tJ·ir1 t'JC ntqu~ c n b., ob "'!"V rt , not only 1n •eo-
no 1 ~ut l o 1n ~~ch dice! ltn~ r p~ ~ro 1o Yt so~ olo y nd 
g~os~apby (93). ~ f ~ lie tiona v tll b• cite brlo • 
Firstly, some articl s eontaining a g n~rel 1ntro1uct1on to 
tbP topic, covPr1ng so called oomput~r philosophy will be m~n­
t1on~d. Art1cl~s dealing ~1th th~ m~tho1ology p~r se, end de-
scribing tec.hnicAl dPta 11s of formulating a simulator wlll be 
found 1n thP sr-cond part. La8tly, those Art1ol~s r~porttng on 
applications 1n agricultural r.conom1cs will complete th~ survPy. 
Beste 1dees end concepts which offor a good insight into 
the t()ehniou of siJ:lulation w~r" brought to th~ att~ntton of 
~conomists in a s~r1Ps of three artiel~s 1n thP Am~r1can ~conom-
1o ~PV 1Pw (159), (1?7), (38). In en PArlter publication ·:iorrrnan 
(60) outlin~s the r~lot1on or simulation to othPr opArAtion r~­
sPsroh tPchn1ouPs . An attP.mpt to dPfin~ s1mulot1on 1n a formal 
-wny was undPrtek n by r.hurobman (34). P.e rPletes the m~thod to 
ph1losoph1oal considPretions. A goo~ introduotion into modPl 
building with r~gard to ~1cro~conorn1o problrms ls given by Cohen 
end CyPrt (39). The Journal of Ferm rconom1cs publish~d s~~rsl 
gPnPrel d1souss1ons about thP s1gn1f1conc~ of pure s1mulet1on 
llnd rnan-mech 1n~ gFirnes for thP Agr1cul tu rel l='conon:1st ( 186) t ( 5), 
( 79) t ( 6). 
Turning to th~ s~eon1 pert of this s~ction, w~ m~nt1on 
first the PXo~llP.nt papPr by ~1sgrub~r (68) which dPscr1b~s the 
proc~aur~ for carrying out a spPcific s1mulet1on of a form. It 
contA1ns flow iagrems And th corresponding oomrut~r statP.-
m~nts. The d~velop~d progremm 1s remarkablr bPcaus~ of its 
f1Px1h111ty w 1oh allows 1t to be us~d as e s1muletor or as a 
monay.-mPnt gom~. .•'hen using it as a mane~Ptr.P-nt game- , the com-
pl•x struotur~ or th od•l ~~ntlt th• J'Ur1JU1t or • wldP v r l -
ty of t~itoh1n o J~tlv a . 1 rub~r 11 t flvf' 'PG slbl1> tr11oh-
ta1 obj~ct1v , auoh th~ fffPCt ot llullt ~ CA ltel on r. rm 
plann1n , unc~rt tnty ln R rlcultur@, prle@ cl ~n~ r re 1n-
eo ~ , e'f"le1"llut1on •~rsue 1 lvt11"elfle t ft)n an flnel1Y t prob-
i~ s of 1ntroduc1nr. n~v t•chnolo 1 to a f • 
that any u f! or th mo1~1 ust 'b~ pr"'ofld.- 1 ,. d•tail@d br1•f-
ln s .. 11on \;1th th~ part1ot nta. Th~ co 1'Utat1one, rro . ~ 
by tt ~ mo" l, may be arou a lnto nln• onte- ort"s, so ft or thn 
bfll lng •~nt ionr.od f oJ' 11 a tr t Iv~ J'Urpo ~•. Th~y er• a} aroJ)-
pln o •r tions , l:) ltv-stook on~r t lon£ 9 c v 11nbl11ty of la -
bor , ) Qhin ry ann u11~1ng r,, ulr nt an·' ~) gtr-nfllr1tt1on of 
stocha. tlc • r1 +. ions. A lees t~o~nioal fntroduatlon to t )'i 1e 
st ula tor 1P g 1v"n by l111rru r ( 69) tn a o th~r rt le l• 'ffh r e 
mainly ct t .-cu .... lt• poae1bl .. pp11o•tion 1n r ro m&n•f ent 
t ncblng. Th~ <" rn.-g if, T•oh Mansg•~nt G-aa,. is er121a lnfl 1n an 
rtlcl~ by ohm .t$ 1.1. (41) . It l a n ~ebinfl g ~ ln vhlch 
tr•• of play rt com~t• a a ln t ot.t.nr t,.,, s. As tb d .. elolon1 
of ~ ch t r f to the comput~r ~urlng th~ proc~•• ot th~ 
r.• ft ' th~ r~lntiv roflt ~sitton or th• t~n~" ft r• oh nglni. 
rohn .cl 1.1. (4o) a lso d~v lo ·~ a oo pr•hrna1vP. d~l of ~rlcfl 
en l outJ)Ut d~t .. nt1Mt1on und r ollroTtOly. 
For rurth~r tnro t.1on on g "n 
s llnu l:'l t ton th" r ln r~f Prr ~ to v riou ~ooks on this l'Qb-
jf-'ct uch ntt for ln t:itno~ "Th• .~h vlor11l Th,.,ory of th" Ft " by 
Cy.-rt an Yo:rch (it8) or ''ryst An lys1s: • co J>Ut r llll>pr-o eh te 
,.c l ion l:!Od 1 ' ' vr1ttcn b7 'e 111 n n Gon~ol s (157) . 
Agr leulturAl onoM1 ts h ve b~~n ~tudytng 11mulnt1on t~h­
n lqa 8 t or •ev~ra l y ~r but t hP- f i rst ~n Jlon tlone or th~ e 
t e bnlqu• to r,rlcultunl probl~i: r published only onf! an~ 
a h~lt y~o~ go . A ls conv ·~d b'l :h~s~ ffltW studl s th~ m 1n 
lntnr•~t 1n u lng 1mullt t 1on oc94'lur~s 1 r·~~ntly dir ct~d 
to r~a th~ etu~y or 1~ r ~ ~1r1cultur 1 rknt Bn~ t deYcl-
op ln of' nagrmflnt "9 for f' rm • '" ro n i • k1 (li7) ~""'"1-
0'P d od l 11:ulat1ng t~ rork ""1 btt t t1Pctor or th.- cono '1 • 
Th~ 1r od~l y1~1~ a v~ry oo~ tit b tw~ n th pr~dlot~d nd r•-
]X>rt~d ~1~~~ of ~aoh vor lftbl~a o ~r!c~ , eon•u~ t1 n , laught~r 
P.n 1 lv~ too lnv ntor l na , t or t h@ 1t st n in,. Y"' ,..,. In anoth.-r 
publi c t ion th~y ( 46) thf!y point out how t b l r,..our 1•~ mot! l 
c n bP r.odtr1~ to i.prov~ !ts r•~ 1et1v~ blltty. A or• ~~­
till~ analy ls of thls probl~ nrt>a 1n 1Y#'ln b y Cro. (45') . Tb~ 
only publ 19h~d man c ent R 1! t h •lr dy m•ntton d at=ula-
tor by 18£ru r (68) . Y t'Jl 'hough no ot~Pr DDK~~nt ~m 1 
hn\'tt b~(!n yPt :publi h~~ as of t hn prfle~nt t.1 ~ , at v r-1.oua un1-
v~re1t1 s such ga~es r• lth~r clng ~ lo ~ or lr@ dy t•n-
tnt tv 11 1n U 1>ft. ·ork in t r"'tu~ , llahb ( 5) r r t s th u e or 
two bu&1n~ e g8u~1 , one tor f lui d ilk proe• sor Rnd on~ tor 
t~rrJ eupply ualnes~~e . ·oth g ca ar~ prlct rlly m. rk~tln 
f.fl " • lnYo lv ln d~ ! 11on o OU't pr le 1n~ of ood , adv fi"rt 1 1n , 
1nv~ t. tmts, n J 1011n • r ut ton ( 110 ) 1n h1! _."r •• t tt. an-
nue l ~~ting of thn A ~ , Au ,ust 1965, announe d th~t n codPl 
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vb le 1 . l n~,. to ,. u•~" 11 uln tor nnd r 1'11 un-
.-nt 1 r ntly ln ~f!V~lo nt 1 tn - 1n F•n•YlY • 
nla . A not "'r r_. ,.ntly i1n~lo t! 110 putttT" 1ldf!Z-C'1th en 
r1• C~"tl ltt b~ini u ror t chin pur~ ~• 1n (" lU'ornla . 
·'"ln c t!nck (?l~) rfl' rt. on tnv~flt11ftt1on tnto th .. u •fulnrei• 
of n- m htn~ ~ ~• fo~ ft ri ultural ~xtPneton or tn o~nn ny . 
l"t1on t ~hnl un -~ tr u ntly vl~a llP.•~ A" ~in'" of 
poelt1v~ n~tUr~, x la l••l , an~ or no K~oartn th~ ~ttetn t 
of -n o~t1 u olut1on. Ho~f'iV~r, t 1~ r hn n r v yj of 
11 ul tlon ~ s ~l ov~~ y tho rft P.TQU ln rt1cl~ ln ·htoh 
1~1 t1on t~ hnlau•s v~~· co 1n d v tth o~tt t 1 ro ~ ur~ 
to ~olY~ r~r ~·n ~m~nt ~ obl s. Zu n n· 1ft~ (~ ' 1) 
tu~1 d th~ o t1m l or nlr. tton or r.1 ut% loo t~~ ln an rt~ 
r~ ion 1n Iera•l ~1th lov . n unet bl~ r~tnr 11 ~Y ~1 ule tnr 
th• ~ 1 ion J"OO- 9• ft r hP-Ylnr ~Pt~ lnf!d th .~jn r•AtOr~S 
or hft r ft nre urf c , th~:' u I!" t (' tr , I" t A "'C"nt ro ~r 
to ro. h n o~t~ olu ton. ThP ~c~n~ rt l 1~, .10 u d 
st ulet1on t ehntqu.-. wlt o tl!!i1 a ton to c Yi ic 
w nt ~r une~r 11!.nth~111 1• r .cr1 "d by Fi lt.-r n ··,."n «'9 • 
ts !ltu"y dfll s •lf1 s 1"!' ,. nl trornt t-dlo ot>.-T!lt1on. 
h~n r.~ tin •art us r ~ •r~ n1r:rulft ion ~c h lqu•• 
ul - uePful 1n r,r1cultur~, tt 1~ t~ pttn to n• rly 
any tr. probl"'" ~ c~~ or th~ vn t t~nt1~1$ or t.~ ~tho~. 
U ~ortun~ t~ly howt!Y~r, t 1ft ~ t~ tt~e on~u 1nt, 9 
t~ ! u an~ r~~air hi ly tr tn ~ t tr. on -c? r.n lY, R u-
l tin or l~rr.~r ~ ono t ay t 1, tnly t th ro l!"'Y l -
a !'¥~ t1ret ttentlon. Th• •tu~t~e or th~ 11v~ toek ~Qt t."Oon-
o y c n b~ P~ rded ~ A rtr•t st~ into th1s dirfl!Ctlon. eny 
o\h r us ful pl le t lona poa lbltt. Prol)() ,.4 chODl.il of 
ar.rtonltur 1 nollcy t~~ in ord~r to ntudy th~tr 
1m o a on thP. wnol eoc1o-~ no tc •nv1ro ~t. 1.clul tors of 
this kin "40uld ~•rrr.1t tt1ft f'Y•luet1on of h bly eon ~quential 
eolslone b~tor• th•Y r~ m ~. l"os•ibl~ ch n ~• ln tax~s , ·~­
r1cultur 1 rte a, subsidy ey9t s , r~ t or r• , t~~d poll-
c l.,1 ere •• pl~s for quPettons which oul~ • ~ ln-d. If lt 
1• n •ssery to • e s th lcptct of lar roj11Cts n t P- ~con. 
o y of a r~ lon, 1t 1. quli t lbl~ t~At 'N~lo~ln n ~ pan. 
st• 1blul&tor 1rfoult! • eo o l oAll:r juatlf18bl , too. F'Dmpl • 
1n t~ls er•• ar~ th• nlonn1ni of a blf 1r~lt tton proj~ot or th• 
aonatruotion of compl~t ly n@w tr nsr.ort ~lon r all1t1~ • 
In J.mulntlng the hanihlg truoturfl of • t ultul" , thtt 
f!aonom!!tt lrht loin t e Mar l 1001olo lt't to draw conolu11ons 
about futur~ conditions 1n f•Ml1n« lth ~ •rn to both t~• eo-
nontc l nd oo1olog1oal spllOt or t 1~ tr ne1t1on. 
t the 1crolev 1 th further ftY•lo ~nt or an ~~nt 
•1:1 s ~t?ms v~ry promtslnt nt inly • o tool to 1 provf) th 
t.- ohhlg of n fllm"nt prlna 1pl s . F. g rding ·~ ltc tions t 
th~ r~ra lcv 1 tbf co b ln tlon or slmul t lon t~c~nlnu•e with va-
rious oth- 0 ftra t 10DB ~ 8 ~ah tool& hoV SrP t t~nt1 1 • 
Thi• will ~nAbl~ th~ r~s~nr~h r to cop vlth v&rtoua robl~ of 
unc rto1nty on! Iyn le reln 1 ns , probl~a that cannot b~ 
solY d by ctb .. r \nfl'tl'toda alon.. . - _,JJtWHh 1n this dl:r11iot1on la 
~l.rndy on ttif' v-ey "' ~ ef!lv~nl unlvt1rfiltlfl•• 
Llke ny othfl'J- d l 1on tt'lll ~r t f 4tl"t! U!:IU lly f co. ~R 
uno,.rtls ta futur~. Tb ls ono .. rt tnty 1"?'~11 ... nt on• or h.. 11 in ob-
teol~ to ~rr tcl«-nt d etalon >9klnt. It 1 tnt:ro"'uc~" into th• 
d.-elflllon Pklnir. envlJ-onm~t of th f" . ~r y r1ou fore~,, uoh 
as t.-.chntcal end t~ohnologt l otuan ~. l':rlct11 • r1nt1on, and un. 
r~~tctabl~ hu n a~t1on~. h~ un~r dlot bfl1t ot 7l~ld•, 
Yft~t~ r, and oth~r tu-ral ~ rno ~ne ts tb~ P~ r.on ror t~ehnlcal 
QDOPrt lnty, wh~r• th• ?a 1~ chAng~ 1n ro1u t1on t"'ChnlctU~• 
lvtts tllrth to tb vttrlous t ohno or. tool lubl~t1~1t. t-1cf1 ••rt. 
~t1ons to th~ int~r otton ot ,...,. ~ l uncontrollable -eono -
1~, po 11t1011 J, ot2 n tun l ph•nc ttna prov 1.1.- 3 furtbftr so't,lrc.- of 
1 norane. Ch n,.,~ tn the oal1 and r~l~ ' lons ot tn~lv!C'luals 
involve 1n fn!'11lnft • " '' rurtbttl' to th a,p?"nvettnJ •~ ~ot or Uh• 
c .. .,t• 1nty. 
Tb~ fnet 19 thst t l'm r s mttftt k~ d islon~ bl h~l~ un-
c~rt in ~nvtron ~nt. F. nc , th u ~t!on of full info tlon, 
tin lfl,.lyinf ny 11 tllolta or n~ 111.S. •, l$ ott"ll • 11tro ~ ovflriJ bl-
11r 1 tttton. n aognttlon or ti'tf'•~ J>l'ol.'il s la not n~. .."*~ to 
th lack of th!!orl lf'! tttnt: to no n t1Y• •1' r<>11eh to tb s~ 
~robl~ n, ~ rly rP•~ rcb rk • ~lr~ot~~ to mr~ft th~ ftttelntn1 
of att Un l r Un"'llll. af ~1"2orta .,~ unJf'1' tinc~rtetn t"On ~ lt1on1. 
Th~s.- tnv~ tit. tlone au 11 <' hl, 11 •nlu1'hl~ 1n 1 ht tntc t 
e 1slon 1n ~oceclu:re or ra t'l' n t rn l•" • r " v ll 
1"gu~t• to t t-. ba•t• of r~m r•a c·t ton&. (l } , (10 7), 
~l 
(106). Y t, thls 
th~r ontrl tlnns y 
attAln 1 tin lope 
l Y ·~oripttvP •r ro c , ~~ pit om tu~­
.ctl~ (176) a r- cm (179), ooul~ not 
nnc~ 1rt grtcul ttr 1 eono lo • 
noth~r ~ ~11 tttt0pt to tucll t~~~~ obl~ e th 
Pl or.,tio nf. ,ru.rt:\A'l"outJ 1Ul• of tbu b t '. l'.\1!!1!"8lly bll'le~d nth . 
pro j ,,., t ton. 0 r 
16) . 
A 11 h f! e 1'1 n ~ 
• 11 tty A pt'OlllCh <168). 
• 
ft w r 
l d 's ~h~ory ot ~ta-
~ un t 1' nacr.rt lnty. In r c-"nt y• rs ta-
ti tt h 
un1~T one rt lnty. 
Wh~ la SifYlnt th~ p~~OGCh I of 0 -rn d~claion th~OI')' 
to probl s un1~~ uno•rtAlnty, 1 tinotlon n b• 11$d b v fJJ\ 
tob& 1 t tie o~•ch .. ~ 'on th oontr 1bu t ton of' ". l . end 
~ v I • 'rh • ., theor~t i ao ·' le, 0 ~nly r~f•TT~ J to • 
~·- 11 f\ • l t ~pt 9 • co l"te un •rta1ntt ut. th 
•etftton ot thf' oth ,...z- 1 yf4r , hlltt th~ ~b 1- ll l!tic J"08fth 
vh 111%~• th l fl'c ls ton l':ftk~r• ~x~l"Ct tlon• ~nu ·n~ u .. ot 
prob blllstlc eur s by tt~chln« v~1ghts to th J'OSS1bl• 
1t t~a of tur • 
Att@r short tntro'uction to th~ two-p~rson z~ro-•tlll 
I es, thflll n £ 1n11t na tur- a !"Ol'lCh an~ th~ prob b111stSc 
roach v1l l b ~~s~tea br1@tly. 
Tvo-P~rson 7~ro-e G ,. 
G"n•nllY, £ theory :J ~ l vtt situ tlon.s o rract r1z d 
by ln~11 Ani1 nt lay rs vho lntf'r ste contlicte n1 1n vhtoh no 
on• 1•1~ ls 1n thP poaltion to •X~rt full control ov~r the 
e1tU1' ion. Amon thll ••riou t yp a of t th~ t~- r on 
r.~ro- um a r~c~tve ~nt tt~nt1on in th~ lit r tur~ slno~ 
th~s~ r" th only g 11 11 to 'hleh a complrtr solution 11'1 th" 
~ns~ ot ll'l8X1 1~1n th ass uttllty function or th~ t~ 
1 o b~ t in ftluol~ ting th~ 
conn•ctlon •tw n r m th ory n ~ inion throry. {Luo en~ 
P. 11'fa ( 14 ) n •! P.f)e y nd C n l"r ( 99) prov l de co pl t 
t ~ry ln this tr .-wrlc). 
In th1a tyP~ ot two 1 y~r onpoe ch oth r. T".' oh 
ot th h~• A flnit• numb r of Alt•rnnttv~ ooursP of sctton, 
th so c~ le. tr t~gy • t, avatl8 l~ to lm. ~or~~ ~ndtng to 
~•ch t'f'ir of etratn 1~s 1 n bjt a ~:rott 0 13 •xt~ a. All 
J')OI 1bl ~lra or atr t rl 1 rorm 
vh1ch is r~f rr 1 to s 1 yoft matrix. Un1er ft t of rulf'1 
of th~ gn ~ ftnd •n rray or •su pt1on • out t he leyrr t 8 ~ 
tt~ry mak~• uff• er th• 
stl" t P y fl ~JAyf':r h • to 
1n1a9X l\l'1llt1 lpl1t to i:io lat out \ilh !.oh 
hOOI to obtftl" th~ lPf ~tt sur• r•-
h• un·J,,.rlytni a ft Umflt tons 3 out turn or thr lov8st sur~ loen. 
th pl•y4'ra ~l'"flt J 
(a) t t th~Y b~h v~ s' r t lonftl ~n lnt~lllg~t b~1n~• 
(b th~t ~ch tr1 s to an~ leltt~ hll' ---~~~~te~ utllity 11nd 
hue, b~l}~v,,s tn • 11c toutt wy tonr f 9 i f' o"'con~nt 
1tnrl 
(c) t1' t .. li h \r.no~• th• ttr~t~~ !f'tt A•ntl•blt- to ht "n~ 
to th oth"l' 1 yf!r "n.'.2 th~ 0J"re11pon·, lnlt yoff " • 
Th u • ot tt:.-. tnt :a~ ertt~rli:"ln •~,.ins rt1 !ton bl• 1n th l ~ f.11 
be1l usr. of th,.,,,, S1'Po1flc •fUStW!ltlons. th• ~th .. l" httn_, , thflt• 
r l g 1 a t 1QnB l)r~~ntft ·1 thin mo'l~l from rM•1• 1ng wl"ttl" t .. 
t nttnn 1n th Af~leultUrAl ft~ld • 
~wo atruotur l t otur~• or thl• t a• vll b~ p~~ ~nt 1n 
~~e.h ~ ol lon th-.ar tla co- J~l. Th st' 1u•p first , th«> yorr u -
trlx r~s11nt1n str tf?• tc·a ~v•tla lf' to th~ d..a l "ion ~~ "!°an-! 
b i o ~n,.nt nl snoon l t th• utl1lty tnnetlon of th 1teltlon 
m•kr-r. 
•tur,. 
ratn t tUN~ ~10Mln1 ~1 .. 
l~tlnc ton h~r to ~~tsloft th~or or ,•~~ th~ory. Th~ b~~lo 
•tw.,.im f'.1l ~s JJ tnst fl.ft tur.- """ t O•f>"'l' on !l•ro- lhl. 
th t, In th~ g~ o ~eln t n'~ur~ ~s th ~~tor•• 
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1 n pr4Wlou~Jy, oJ ~ on ly ror onP pJ•1 r. ~t~ ot. ~r lny~r 
t o ! n 
t A s or ~11 ton r.ory, th " . tonal ·~ l ion k~r r •• n~-
y rC"f}"Ot "'' 1 ,. r n • of h no ,. r o 
o n ur v rtou~ ~" .rr ttu ion 0 
r tn~t a o tl'!n ton ur" ut 1 00 ly 1 nor nt a to hlch 
L t o f 13 1 oe"ur, h Flt' p~ ! ~ l F-0 r r rr"' to 
~ th t " ~c1a1on pro sun r un!! .rt tnt, ( 
r. 1ne~ n •ur~ o.- not lot n ! t~ ln"' - tn ~t lt op oncint 
t } i n ~«"O pt 1on th .. ... t iorr,t "° ri 1 la cC">ors@ or ctlon on rt 
u . • o!' t ~ r;; 1n or1t~r 1 is r.ot n 
atJ~r , un r con~1t1on o~ un~~rt11nty l olu-
Tl~ ~r~unl~ry ~ ltu~t lon ot 
c • t ltuf'f tow 19 r1 t in~, to 
tr~t~ y h~ wtl e oo ~. Accor 1nr. to t ~ varlou poaltlon or 
tn lv 1du 1 . to 
1n h 
.. . 
on r:~ o- su 
unot1.rt 1nt 
t" ( i' 7) , rour or 
plan 
ln1 r,.. urn. f!" l 1 1nu t ,.. f t t 
na tul"• 1l l o 1 
w1th 
nt•. It 1 
6 
WO t 1 t e 
rt ... run ou t"'o 
t 1 "' tr 
1.-. to r 1n cone ra 
or f 1n n S 1 corsmi1t-
t . ,.. r. o ch. 
1tt th~ 1 
., 1 lei t t 1. t lnd ( 5!)) wh1ot. rf t.,rlon r tcu-
l r a ~ uot ro Jlt ern ho n , n e n rrortt to ft i.-. 
rovt " olu ton 1 mtn. 
1 1 e r,. r t h t mt h · r.-1t, r r h"V int nt lft~ x-
rt or.nl ne to t ~ t Uf.I' t of n tar•. !'. ts ,.,.,.r t 
1 ht 0 ur lf ~h OU 00 hov t 1no he~ ho leP. h it ?' 0 t 
a t 1 ynrr. 
ti l•nl1t,.g.~rtnel!!lJ! ot tnaurr101~nt r~,acn ! t ~ old~tt 
or ll d-e 1 1o tl -01'f ... • r:u to l r lnfor tton t ~ 
t 1on k r • ~u t ~or n1tta to ,. un l ly 11" 11 
"ft flt}. t. th tr t It t 8 y t•l th~ ht ottl-
tty, 1 ••• 11'1 J~1013I w r • 11 th nu rot tt~1 l~ t t 9 
ot lt t -.rttn-- t to r r er• f' ln n~ 1a l ly 
tron• •nou o etrl• to 1 t lonr.-run lt•. 
A or nt 11~ 1 u aton of' ~P _. C!"lt rt.a 1 ~tfld 
by et p ~·al.· c ~1n, <~ • 
"' u j tiYIJ lllty l'"' 0 ch 
In yft.. re th "in t n f· Ul'" .. 1"08 ~h rtt-
1 Q ,. l ftU lf! ti h n 1 ft tu l 1 
••ftll l ' 
hu , kin h d ~1 t n 1"0Ct~ I J" tr 1~u1t t .. ft 
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n~c~ ry. ln ~ny ~ltuetton th~ ~al 1on ma er h ~ o ~ 
lrno 1 •'c ebout t • 11 l th o of th_. oe urf!no o th • rtou 
stet 9 Of n t\lr• but th1 in Oru?fttion 1 n f:l~t.-d "h_..n U !;n 
t r.am t fl!'Or ttc ~d~ • h n .-a 11n 
ror ln t no~, t ~t orolo le l or ~ ~t~ nt th~ r~eor of 
et yr rs ~r. l~ th~ r ~r ·o att-c nt 1~~st ~ubj~etlv rob-
b 111 t 1"' to tl ft t t~s or w~ th r tn h 
i:.- ,, hol l s tr th 
k~r • r-o ~ or th~lr r.osnt ~ d~ t Ion 
l 1 ~ly to th41J t"' h n oth~ ~ n th1~ r et 1 ~ l • a tn 
ln th ~o ~btlttln to th 
to t lon 1nto th Odf!'l b • ~ ten 1n1 eu j et l•e ro bf 1 ltlf'a 
~l to Q ct t or nn ut• o th t 
for • ll 
n, tt @ !~Ion c k~r ohoo 
x 0 ~ ••l 
11 
L:. 01, 4 
l•l " ti 
tor a 11 
n. 
t I 
1 = l • • • n. 
fttr~t~ y ts co ut~~ y multl lyin 
yott or t l 9tr t~ .Y b1 thP ~ro lltty or ~ h t t of 
n u~~ nd u 1tl1. u~ th~ ro~uct ot th! "tr t t.Y• It th~ 
1•1on t~r h~ not _ uh kao~1~~ .~ to a8~l n ny rubj .et1•-
-
G 
probabll1t1e! to "'nch r.tnt" of nntur.,, hf! vill eoaum• thf? ocear-
rrnc~ of ~ach sit! t c, of n'9tul'f' to hf' '-'QUllly ltk~l:r. In this 
eaet.P th" P. . y.-s crltCJt,.fon b~eo17:f'!a th'!! cuul!o nts th.- l&Dlao~ or l t•-
rlon. The!>r.-ror• t~" I.~1>bc,. er1t~r1on l~ !'oeettm,.s olo~~u·t_.A 
a • a'tl.-.e l" l el! t• or th~ Ea:l•s rulf' . 
In ~eny "1tuat1on 
a:.o1't Drerer::t bl•~ on,a. 
tht~ e:T-tt~rte over thP. 
lon. 
thf! D•Y~• deo lrJ lon rule •~~' to b., th., 
he! 1ncrf'!i; ttine numbflr of ~'01)11·0· t 1onJI or 
.oi;l r~e~nt J'e! ra 1ur.rol'ts th1a et.s~-
tore r:roee•n11nlt to oon:J1tJfllr IJ)_.01f1c a~nlioet lons of 1tf.-
tlstte~l ~~olsloa tJ;fl>r1 to ecrtcnltural problt!ms , on~ tK>lnt r•-
u lna to b11 notf!~ . t~lthnu~h these th4!ori(t• 1t .rf! dea11Jtl•d to cop 
•1th conalt1on1 un~~r une•rt eon!ld.-,r.~bl• acount ot 
kn.ovl,.i'.11~ l~ ••tru&!t'd to 'bf", 9Va 1lcbl~ to t.hfl' d.,, 1s lon mDk4'r 1n 
ll cases c!11Jouas•d• FtrPtt of ell , h~ ~ust be JJblc to 1~t1ert 
his ohol~ft ti1toat1cn tn t@r-ms or a p&yot'f c~trlY kno~lrtB hts own 
n :1 h i!f Ot)ron~nts ~~ t Of 8tt"~ tf!r, 1C!S "nd thft ~~f\~t~~ t'UtCOI!!_, fOJ" 
f'.tnoh r.>~1r o!' strnteai~~. ,l\ l~o, h~ le a"sumt?1' to kno"' hl!l o\lft 
ut111t:y 'function. Goof! r~·coJ"d >:""Ping ttYnt t>nl • 1m~1 "t l)l'ov 1~-
1Jla th,.n• J'8rtlculnr an ta r;i:!aht r@duee tht- :rtgtr1lty of thtte~ ••-
ompttona. 
A T>f\lSent Iona 
jority of tt-,e fnrm t:1Jnagtre~nt eppl1ef1tton~ h!'v~ b'tm 
1n th!'! veln of' r.~m~s a ~atn't n~tul'"•. Fea'1y l'nl! I J1l on (~q) 1'8· 
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IUll d eu,.h " ] tn • tu~1 t ,..,_, 1t t it 1'"1 t 1vf' 
•n 0 !•• U!U!f'u.ll2f'9 in t of t . 11'' ~ .,. 
l~ft c 1 ,.r1 • T .@ -tudy t. ft lft ton 
or 77 1' r~ ln ?!" ~ ha 11 OU ty, low an~i r~ft l th t th 
ror t ' ., t l~a at 
r 11:· tr h 7 h fcllo1i1 ~ Ol' t tv ro oh. Furth r t s u -
ton 1 • 1Yt!ll ln ( ) , (61 9 • lr.'8). Th• t U C~RP. Ul l l-
J" th~ •tuA lfl'I 0 ton or h~ m~ 8! in t n tur ro ~ ulatlon 
Sth rodu tlon ~ e 1 ton und ~-~t •r unc rt 1nty. In 
ft tuAy of thl ty 
• 
~ tl n ( 6) IU t• t 
to~ Y O I 1 tt hf 
~ 11ton crtt rt• e ul fl • to 
o r~ ~n~lv~ ta~y or ttie 
r 
' ntion ( l 1"') . 
J n 1ta•t1on• or 
o on~t ~ th f e a 11 fr c 
tt ~ r l tt•~ to ~n J r 
l IUI 
ti-
-
"' u or ot'-~ ... r r l ln a tl'")' an~ tn~ udln r.u t. 
our ,. ot Y rlet ton ,, ~11 t • ~ lllon 1 o roT.Os~d (55l 
to n• 11'~" v~rt 1 n l tnt~nr t ton n th• grovth of ooop r t 1Y" 
1n I 
@l to t or.l~ a h • tti~ • a tlon or 1nnovetlon y 
rentf'1"' ( "'?) an·t tla t ra l ( l ;' ' , . n 1ntfllr<' tin 
r u~ t1on of pollcy. 
f a 1~ t!ons 1n t 1w ~ lr ct! n ,. ., tue" an . · 1rre c i4o, 
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• 
In th~ l - t t v y ar a ell ht lln~ or 1nt~~@9t in th~ 
a a 1n t nn ture a ro1eh aoul h obe~l'T ' 
ccom nt~ by a 
rl lng ourtoatty in the au j-ctlv rob blllty con ~ t . • 
st rtlng J'X)1nt of tb1a ~v•lo nt Aft art1cl• by ' 11 on (54) , 
eont 1n1n ~n •xo ll~nt sul"'Y~Y of p llcntlons tn ~p.rl ultur•, 
ooul~ b m ntlonP • ln this art1el• lllon, a long tla~ ue r of 
••~ t~rory 1n • rtoulturel ~cono loa, rrtv~s t th~ aonc1Us1on 
th t " •••• ltt lfll succ~•tt h s r · r ~d th s• --rrorts. Only 
th@ ga • ·~•1nftt netur •t>pro c to clt •t le une rte 1nty eppNU' a 
to v ny e 1Rt pntl)ttcnl valu" C~, • 31} . :tthout 
cont-sttnc th Y 11 tty or thl1 ju ~nt, '•flnlt 
th~ n pl1cntl~n of a~ t ory to 1oaltur l obl 
t 1nly th b~tt~r un 1Ar•t nd1n ot thP c1~1on roo~ s s un~@r 
uno~rtatnty. P.~no , th • stull~ on bP ~· r ~ ~d as r-r~ ut. 
~1t~n ror th~ u or oth~r eon~~pt or ,t tl,tloftl 1~e1 ion 
th~ory . 
A fr.v a pl1e t1onF of th" su j~otlY pro b111ty a ro ch 
hnv b•~n r i>0rtf' 1n th~ rt ultural llt~r , r• , r~c ntly. 
- c~onn,.n ( 15'1) 1lluatr t s bri~tJy t ~ ut1,. or o"1f1~t! E y~s 
''b at" :isto 1nv r ~.. ,_n f'l ctlon of 
th~ "b~st" turlty ol8~1 or corn for f rm situ t1on in thn 
rf'ot pl 1ns lnvo v1nr olblttt1o vttrtAbillty. In,. tudy b:r 
I~n h8~ Cl~~) th qu tton s to r.~th r rte t rm~r ln Florlde 
houlA r u t n er ogn llot "flt 1n r aB~ ls expr~ss•l1 1n a 
d~c 1s1on th~rrtic moAnl in wh1eh varioue govnrm:1 nt ~llot~s 
?O 
pr~ ~nt h~ P-t t~$ of n tar~. rin~~ th nr rle~ f. rm~r~ h T~ 
enrteln ~ntt t~• shout t~~ 11k~ly r.ov-rn ~nt llcy th ~uthor 
UP~S e ro ~b1llty ~trlx ~i on n:o lf1•1 . y~ ~olut1 n. 
~ft r a !> lni th• o l' rMf 1 u ~ly d tsou !'I 1 :! o 11' 1 " r1t""l' la 
to th~ eo~fl~t 1?,nornn • c ! end th~ o~tfl•~ trtx, thP V8 . 
r1ou out o ~ r~ eo T~ for {1 6) ~rte th~ u P. of 
~ ~c1B1o th~or t1 
An f'llc tion of 
~one~ t 1n n~lyr.1n ~ rr 1 e ~nt o ~1 . 
y ~1 n r.t tt~tl r in o bi t1on vi h 11n~nr 
pro 1" mtnr- proc~ ur.. tn r,ho\ll?l 1n r~ernt p; t udy y ""'1':8n9 • '·'· 
.ct f!.l· (5~). ~~y n lyz~ th~ ~t ock1nv r~ ~ for r~~~-
lots 1n 1forn un1~r w th~r un ~rt lnty. 
tJ P fr. ap 11e tlon e~ te1nly -lo not "'Xh n~t thr. t~n­
t!2lB of r.t ti ticnl ~~oln!~n t~~o y tn a~r1eultu 1 ~ ono le • 
~•ring in fnA th~t th~ b tie Ohj CtiV Of &tntl~ f l ~~ !e!on 
thf!t'tr 1~ to co ~ vlth n~ 1 P. un -r unr. rt !nty o @ 1 ~1tlon­
al r~s~ of ~ lb ~ a liee ion ln rtcultur~ enn b su -
~t!t"'d • Fi rst or all th • oone1tpt11 ml ht b att.-ful a r .-. 
nrch tool tn •lptn o ~~fin~ ~1 fon rul~~ und~r uneert 1n-
ty ani.1 in el811 1f'y1n v r!ou f n: yet s in th~lr n tt1vity 
to une~~t~Snty. Th 1 ml ht or h~l~ to p1npo1nt 11 1tqt1ons 
1n ~olntton 1trr!v d t b1 othtr o fllr t1o 1 t"l'~nl(fa 1e 
srum f'Ull info.rm t 1on nt"' to n Ufv t.t'I" solutions. Thfl con-
e ptual fr ~ork orror by th l~ t~rory should torr. h le 
wh~n othtr eom ,ut t!o 1 t~ hn1~u~r. ~u a ~ ~1mulr. ton rn u ~d 
to l with uno~rtatnty. T y ~ o ffor ~tt~r 1n~trcht into 
th ~ t. r outr rnts t t r~ n ~d ~ ror eun1 r-vnlu~tfon ot 
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c~o1e• 1tu tlone un~~r une~rtl'1nty. In thlr. n n ~ 
1•s at tb or .. or thfll • r1ou tt 'Pt to rov 
~ kl un er une~rt~!n con11tton and ~ould h~lp to 
r1 ht oo~ utftt1onol p r~aeh for a pArtleul r probl 
th! th"Ory 
our d e itit ion 
~0011~ h 
• 
7 
oono 1c ~1tu ion n1 ln tttut1one a ell r. th• ~true-
tur ot ~ono le r.r et• oonttnu~llv eh n«inJ. It 1 
ott .. n of r~8t lnt@r-st to enAlY~ ohftn~ 1n th st ln or~•r 
to ~r v eonolualon 
oono le s:r t • 
ln 9nd acr1b1n 
out th~ 1 1 atur- stnactur@ of an 
rkoY c ho t.na rov 1 fl' .et t@chn 1 u tor ane lyz-
prob l ! or th1g klnd. 
In order to d~v~lo~~ the eono pt or '.ar~o• ch in tbr~~ 
b~~lc t~ w11 fir t b~ x lntn~d. Th~ · ~ .t t@, tran 1-
tt n r:n 1 @qU111brlU1ft. In a lytn rkOY chain• 1t ls s um d 
th8t •ny po let1on ot f 1 e or oth~r ono 1c ~ntltl~• eon be 
oleas!tle~ into !1 tinct c t,.rorl a or §t tf!!· In a e o l f1c 
pertod or tl , n ~oonom1e •nttty c n o upy only on~ rtlcu-
1 r t t • u~ln th~ eour ~ ot el'\'~rAl tlmA p r1ods th ~co-
no 1c unit y trov throu h vnrlous t t •· It t. f!S~"nt I.al 
th t th~ it!> et t.- l• d fln~!.1 un• h1rooue1J and th.,t oh .-co-
nomlc nt1tv ls •e• n d to on~ or th~ tfr~r nt st~t s for ~•oh 
t f! rto • In a ,,r ct1o l f'X J>lP, " t nt coal • d~ttn~ " 
n cono le ~ttty n~ two el~e o t~ or1~ coul1 • th tl-10 11f-
r J"fl'nt st t ..... 
a ti pAss-s, th• r1 ch n @ 
lt 1~ tht roe.- ure or o•tnr. rro 
fro 
t t 
on• etftte to enothPr. 
to tst wb!ch is r~-
f~rr~~ t as transition. Tr~n~ltlon o~cur betw•~n tl ~ ~r1o1e 
of ual l~ngth. In ord•r to ~xe ~llfy trnn 1t1on robabtllty 
Vf' turn our ttm ion to 8 popul t ion of f ~ra b~lng f'XJ)OSl!d 
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to the so~e choic po alb111ti••· Th~ r~oorl1n or th lr sl~e 
chftn s ovP-r s VPl"Dl time .r1od• f)J"ovld• l' bn tr. for th dPJ"i-
v tlon o!' thft -probab1l1tl~• for e s1nl!l~ fttrm of st11ylng 1n ont-
tate or movtn to enotb~r state. ~Y com utlng th-.se tr nettlon 
probsbllltl s th mo•"Mflllt of • r r fro en• t8t to anoth~r 
tocho st le nrocfltss. 
Su~pose that the \Ul · ~rly~ tend~nctes that lPd to th~ 
t:r; nsltion p~babl11tl vlll prn1111 ln thA futur•. ln thla 
e&s tt can b obser.ed that the rr ction or farms belongt.ng to 
stmte I nnd, conoomitttn.tly, tbe freetlon of :fprms b~longinr, to 
state II ar,. pronehln 3 stable proportion. 'l'hle eltuatlon la 
1arkov cha ln. In thl eqo1llbr1wn 
s1tuatlon th• system ts nt bl- in t rm& of t.hP stat~ v1th1n th 
wholf' populetlon hut lt l• dyna ic for the lndlvl u•l ftlltity. 
Prop•r t l• s of Ma rkov t; h 1.ns 
A!t r this short tntroduotton tt •~nms dPstrabl~ to pr sent 
tb,. ;trop•~t 1 s or Mnr'kov cl".a hut 1n • 11".0?' r1 orous nnf9r. 
K~~ny Je.1 ll• df:!fUHt th~ in th• follo,....1ng WJ {l?l, • 148) 1 
A Markov ehe 1n procea• 1R tlete:rm1n~d by s ~ U")~1n 
.. 
th~ following info t 1on1 Th~r~ 1 1vPn a B@t of 
at to8 e1 , •~t .. • t 9'l• Th~ oroc~~s c n ~ ln one •nd only on~ of tb• s~Rt s nt o .l•en t1m• nd lt 
v.ovr.s 1ucc~s iv ly frGm on stat~ to noth~r. ~aoh 
A sto.oh,. tic proottBS aan b~ d f 1nfl'd tu.;, a s Ufl'DQft ot f!Vf'nts 
outcom~ dP.p•nde up0n som"' ·ehnnc• l .-nt. 
t~p. Tt. 
h- inform tton • out t ~ 1 t ot 1t~t~ 1 1, ·~ · 
th~ tr• eltton ~o ab111t1 • Ptj a n • ~ hlb1t@ 
~nt to • Th rtr t y 1 o eon~truct • ro 
! 1t .~v • hrou h rtntt~ nu b r or 1t~ s. 
• • •' !ln 
in two d1t! r-
111ty tr,.~ 
co. o l t~ 1 con~ t~ '" u ". Th t OJI 1 t ton J"O 111t1 9 
Th 
into ~ trtx. 
11 
p • ·~ 
• 
• 
p l 
.... , 
• • • • 
,.,,.,. .... . ,.. 
•••• 
an 
... 
1 -~te of P ~~not th• robablllty that a proe e b~t in 
~ t a1 v111 nt-r th• st t •j in th~ n~xt p~r1o • T ~ tr n-
1t 1on metrlx 11~• t th~ cor~ of ch r~ov c~aln roceos and 
Atrtx ta nonn tiv an 
batlon, th eo ~ltton 
• h el l'?lt of th 
1S 
m 
L 'P1c • 1 3•1 ., 
au l hold ror • eh 1. rtne .. e v•~tor h~vln nonn~gatt• @ntrt~s 
nrob•blllty v~ctor nh Pow 
of r.-pl' ,,.nts pro Ablllty ••etor. Th~ flnttr" tr1x ls th .. n 
babtllty matrix or a stochftetlc trtx. OAllf!d 8 
atoeha t1o trlx of' th.ta ind end an 1n1t1 1 t rt1n st.t , 
1.•. • rov VftCtor, mut1at " cl•tm tn or r to d,.f1n 
oha1n proce s oo pl~t .. ly an~ to tlnd lt1 outcom~ ftPr t ~nth 
,.rlod. 
tr1~ 1rr .. r~t coordln to th .. eh - ot th• atochn . t!c 
ty~~ of r~ov ch~ln• o n b• ~Sst1n tft ·~ . or r.: at ~ono ic 
1 l ' 
t. tt. 1"oc• e atA t tnt, 1n nny ~t tf! l uet ~vft a non r ro 
probablltty or mov bu~ fro 1 lnto sn7 oth ..,. t t• j tn a tl lt~ 
nwnb r or t pe. A • rkov ch tn at1 rytn thl. condlt!nn l 
cell d e r ulnr Mnrkov chain. Or, s ~~ ~ny ~t !l. d .. rtn~ tt 
(121, p. 391) 1 "A ~ rkov chetn ln o llt1d e r irul r oha1n 1.t 
om• ])CV~ or th~ tran~lt1on trtr h•• only J!O•ltfv~ •1 ~nts.~ 
In r~l t ton to thf!'s~ r ule:r o 1n• K ny ~ al. d 1 cuns two 
1 ;ortant th-or~ a (l'l• pp. 9~, 393)s 
Tbrarrm 1. If P ls • traneitton utrtx for • r~gulnr 
c~e in 1 th,iin 
{l) The J>OVf"!'I . ap rottch 1 MAtrlx 1 (th t 111 
ech fmtry ot Po •ppro1oh • th oorr •i>e>ndln 
.-ntry ot T) 
(~) ach rov or T ls th• sam~ ro btltty •~otor 
"· (3) Th" co pon .. nt1 or "' er~ ell l)08ltlv~. 
• If P ts • tr n 1t1on ~trix for r~gu • l~r oh• int en and rtt as hf!Orf!'ll 19 
thm th •~tor t 111 th ant utit rob-
ab lllty v~ctor suoh tru-t rJ> • '''• 
et~t~ that. th~rr. %1 tw an utlibrtu ~olut1on 
to thl1 M rko• ~roc~s• ~n~ that, t hl1 ~rullt rtur.1 lft untau~ ~nd 
1n'1~p nd-mt or th~ tnltial conftguratt"ln. Thus, t ,. stnrttng 
stat~ ls vlthout tnflu~no on th~ nutllbrl~ dl trihatl~n a t 
p~rmlt th~ d~rl•st1on 
or tvo pl'Oc•"ur•e tor obtt.1.nlnJC t,h" u111brtu sol t!on. 
11,.t o ls th4t rf'IJ?"!t t.,.c! • t'l l • t lon of' to th 1n lt 11 l 
vector or tart1n stftte • _.noting thtt 1n1tlel vActor as VS anf1 
• 
• 
A l~•• t~dtou1 'Wily for d•r1v1ng th~ P-ou111br1um altu tton 
tollov fro Th«'Orem II. Thf!Or 11 at9 t~a th t 1n eaulll r1um 
thft 1strtbut1on of ft1'1Sa mon t ft t s ast bft 1nv~r1~nt. The 
equlltbrtu• a1tu~t1on ror th .nulll rlo v~ctor v l ht b r -
wrtttfm 1t a1 
VP a v 
ors v ( P - I J • o 
?? 
u tlons ln n un-
~ovne . 1ne v r~ r•n~nts ~ rPl t tv 1 1 tr1 utlon tt 1 kno 
':h t 
n 
L: w • 1 
j:l j 
,,. ts 1n o tan 1 urrte1P to olvfl our sy t 01' n 11n,. r 
--~ ll 1 n. ro-r v. ~nn,., th" ,u 111. r tun tru tur or th ' rkov 
:-oe~s-- 1• foun,. . nun rlc plt' of th sr. "'l")M atnt to CP. ft 
bP :oun tn n ~t1i:l.it 'I T'\n nr ( 16t'l • 
~ 1thou h th ~o t 1 r~r.ul r • r ·ov ch~ 1n J"f! on 
1" 1l , rt nt ' rk • ro ~ s tt:r.y only 
o~ th nr o 1 .h~1ns . ov ch in le . 11 
~r.rt"..ov c;l.1.11D tr tt ls non~1bl,. to ,o om ""Vfltry st te to fl!N"'ry 
t" Cl 1, t>. "' 
ers o th• tr 
•• ,..L,' i 
Cul ... 
9 
1t 1~ 
1t1on 
• h!n !~f1n1t1on ~ y t t 
y h v~ r.om z~ro 1 ~nt • 
r ot!o ' r kov c tn r h~ !h.: 
r~ ~rt.n~~ follov~ (1~1, • 
?8 
aono to r.11nltte nc of rkov "ha tna 
1nlnt: co 
!th e ooctn1 b tve~n ~ecno le 
o ~11 ~ lch ar~ ~itbor h1P-hly ccm ltcnt~~ or ~ stto8lly slm-
The flret A!tftU :ptlon 111 that th volutlon ot an •conomlo 
roe~ • l seu al 
try th1 m•an thot th~ 
t t•s c n ~ r~ er P- ~ ns a stoo atle 
th~ tl"'nr. ln I t:ra'?tUJ"fll or 3D 1n1us-
~r ~nn• of a new fl to another at~t 
n nro ~b lllty ~ 1Rtrtbut1on, 1"1tth~r than by• 
oth r • h~ rowt ot flnt ht IS U .. ct to b1t !ttatl tic l 1n 
n tur~ an1 1 .. p~n s only upcn lte a solut• 1tt• ttt tt b,.11nnln • 
e on jly it ts asett11e l that th t prob b111t1 for tb ~o­
no le units movtn1 rro on@ st t to noth~r r~ln• con~tant 
ov~r tt~e. In oth~r 
,. t.up~ • 1 to b lnv rtant until th.- .,quill rt.um 1• 
r~Aeh~ • Th1r 4 1Y, nee• tlnr. th two ~r~1oue • u~ptlone lt 1• 
rurth~r t krn for fP~nt~1 that t e 1 ~1- p rlo l conai~~r~ pro-
•1~• a tfttl fftetory sthl tlon or th tru~ tr n t t ton ~ro 11. 
1t1 s. It ls ~• Q ~~ that ,ftta froa th R8 pl~ rlod cttn b 
~~1 ll~te l for ~nc~ f11"12:1 an~ or ch t 1 f'I Snt1-na 1. 
To whleh fl'Xt~nt tb~e 
•T> lto t lon or " r °" c .rr ln mo· l!! p_.n e l~r ly u~n U· 
f'robl un"' r tnY1! tt t1on. In ln1u trl•s whel'tt th Rl'"O~th 
r•t ,...,.n 1s larllJ•l.7 on th~ .. rsonn J tty of th,. 1tntr~~r,.n~r tt.1• 
~1 1• not •• y "'' l le bl•. In 1 tua tl.ona ~.O~"'l', wh.-r• t • 
structural clttY•lo~•nt wlttJt'n •n ln<hi"try !s 11trf!:•l1 t~t! 
by ~n~r•l foro ' or ~h~r t~ hntcal 111novat1on l• ·~ k~y 
rol~, ~uc~ ~to h- et!o o . ~1 t ght v~ry v•l b~ .,~ropl4te. 
In Y~ry oos l~x Stu ton th~ 1•rko• h in ..cd l 1\ lt• •ln-
l tf71ng 1' um tlcna I ht rovt.. th~ nlv )'O•Blbtltty tor• 
uan 1 ett• n~ y11 nt all. 
In thtP. ~eonomlo oont~t th-- •~ulltb~lu= ltu~tlon n •~• 
so • rurth~r ci.rsrt 11t1on. In o! l ibrlu th,, nu ~r or ft 
in ~~eh t.t~ l• t l~. It o n • . ~fln•~ ag t~ t letrf ut!on 
~r• th~ nua Ar or ~s • ~ ·~tn nny ~tn~le stnt~ ~u ls th 
numbf'r of f ll"lle l•r1v tn tt. f'.-n h .. 11qu l 1 lbi-1 $ ltuat ion 11 
~Y te tor tt!f!' ln1 lY1 ua l 11 but et t to for th• ln •ustry •• 
whol • It sb;)ull ~ • phe1ir.•d t t th Rto~ ~ tle cone• tlon 
or -~ut11 rtu r~ u1r~ft th t tl in and out. T ~ ~ ut-
11 rtu• ~~n~r t ct by t.ht11 J.-J 1• no a r.-a l f"ott"f? st. 
it •• rlb • ~- st ~tur~ of ~n ln u try hlo~ ~ ul 
h obs~net~ hS.ntor1 al t•ni'!encl~ "' r~ to ont1.nu•. 
A~ a hen f.'IOY r to th.- 1& •t r of t t • i1'eQ 1on 1t 
hnul b• not~ t \h in !ftl ulty ncottnt~r y r IP rcb 
rk-~• •p 1 tn th! m tho ta h ~ r~h tor ~ tat ~ ' ta t 
or•ftr to g•t too~ • t t a for th tren lt1on ~ro t 1 t~• . 
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•nrl1~ ton2 ot nr v .,..OCf!~ --o r tnl • r :! to 
t;!-... • 1! o!' :ro'hl ·h., ~ J1l tr l C·) t ~o- ~ ion l . I y 
!9~1-. . h19 ~ 1n ) •• ln l ... o t •ll of cr1 ul-
•u-~, t ~ ~ ~ l"U,.. ~ ,, c rt 1nly t• tton b., rt-
~u ~ r~l ~cono l~t . • Ctv~n th t t • ~urr nt tr n nonttnu , 
h ta •nnlyst e n rov 1 f! ... .. u t1orus 
~ " t vU 1 th at~ S .tr1~t1on or f~rae or• ~!ou~ y 1, 
o"' ~ rt ultur 1 !"1"0Cfl 1n l nts, 1th1n !"f' ton• tt ountry 
.._ n ! !"O on. or ,. t of 11't1n 11t~ tur 
t·~ul ,, fl. h&l 1n •n !f "ft "'rtt o~ thn f'lt 0 • 
h on'l•tt l'I ,. 9!17. (')r n1 y Are 
lt 1rl hynJ 8 l t 't"Y • !n 19 1 r.eolow 
" t~ t 1 1' n1'ttb111 le rtr t to tl:'.-4'1 "?n lYP! 1 or h\-
• V8 1 he 
~hn1 a~ tn ~ tnv t11 tton or baatn~ no tl n 
(<JO . T,t 
t 
try of" f! . 
t1on~ 
1 
th--
1!1n 
h 
\( 
h 
rt1ol o! 4~ n ln l 8 
• uce~ tul Jy .. -
1n 0 t tn u y ( 1). t t ll' t l I 
1 cu 1n 
!nt or vi 
r O'Y ah 1n con-: n fro 
(l .. l) t (l"' ·). hfl .,., ora for tt ft 
~ft 1T n tn (l l). 1 U'te n t •:rt .. ne ton ot 
ono t a nv lo~ ·ovnre C "'8). y SU • 
'fro " "Tri a 
r p " ,. .. rtx •• 
h~ • r~ v h tn con~ to h y,r ne l,,. or ' to 
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• JUCh h ,. on tra t '"'°" 1 t c n u ~ for •· 
c 1 ton .. o 
ut t"lO 1 l' e 
rleu tur l ~our~·• • a eon 1 · 
o~ ~ tlcl~• u~1n thl 
blt tton 
~o fr 1 ul t.u,. 
• " 11 ~ 
~n~ ., Ju ! ~ n ~w~n .. on (117) off',,r C)O 1 ~"t1'l nat le n of t.,• 
"'O f! t . In th• lntt ,. on (117, t ,. ... ~o ' l! !1 11.- • ti) n 
1y•1 ! "" ja."t ~ of t h tt1fP• ot ho "ft t" r"' r 1. .. a 1n 111 1-
n 1 • "'h"' Q!'"~ r~r,u 1 r n: ,., o-rb1n r .O"t' ~hn 1n 1 ,. on .. 
tr~t~1 . ,., lmll r t.u < 7 1r :r nort 1 in 116) . ""r 1 1'ft-
•• l s t-, 
ro uct • 
~ nr s th 1::.·~ tn Ju~ti-y 1n l 1forn 1a an T rnoy ( l ?> 
1n r~p;ton In rsne•. 
"f! kn,. or A. t~ h 1 U'! f r,.1u nt11 rntlon" in 1'Ub)1-.. 
e 1 n 1 tr."' l e f ~ u ~~nl t t lnt1el9 "tho . 0 ?" lu-
t: tn the 1 T:OJ' ,. ~.-. or r or. In ~hfl " t ! f". ton o.,. ~h tnn"l• 
ti Sl 1t1 • L ll!ll· (l3 t ~ussn 1 cu-,h ti tlon 
roe~ !ur !\ 1n h~tr - 1r. l l .t, ~n ~-nn11c tt n !'If t "' ~ tf-• • ., 
t~1rut t cfinl u.-
ll~on tn ~!" ~tt 11n 
t t tn ( P • 
v1t 
y l'o,. r 
rot tto 
l . l'i n 
robl 
y !'"urt rid 
tn ry 1 n 
ho th11 r~v1"'w 1 tol o hat tt~ 1t:rlfo t ln con_~• t 
y ~ ov• to i u ~fu Jn n ~r~n s of rl~u Q ' 1 ~~onot'!Sc" • 
A rtn on tl stu~y ot 1 lo 
lt. h n ~ tn t • s ruetor o t l:• r• 1 Ul tUJ"" l ln fu1try n 
v rloua 
l_.t' n t t . ·" 
Sn ' l l'lt 
tors. ~hn1~ a lie 
toro~coao le lttY~l. 
• . tu · o .h" 
to es tud-
to b• ••e-
•1~~ lt 1~ • c un-
t 1 , or ~lt 1n trt r.~nt uctlon r elone of country , 1n or-
r .a rsv ~on lus!on bout t f! ~• ~ted f'\itu)' 1tru tur or 
about t ~ e rt~l~ncy or to•~r ~ntl!l tK>ll~t "• Invrrtt atlone 
or th i t" 1 t b• xt n . ~o su h r aa • th tu v or 
truetu l h nr.- 1n t 1.ry ln u ry 9 th~ hog tn u tr7 n, 
v rt. ua oth r roul)s. rv n th~ propol't ton ot r 1 al tun l po. 
1 t lon wit 1n country ln th rutur e n b~ r~ 1 te or ih~ 
iirob bl ln 0 ~ 11 tr1butfon •V't4'D f an nonf r I tors ot 
n ~ono y. 
IJ"'eon . ?" or naf)lle tlon ltn , t th.- tcro~oono le l,.•-
~ro 1lity ono~ . t pro-
tnty. Th~ co btr. -V 1 'i I 
t li>n or 
lt o ,.r 
x l1clt connt • .,r ton of th 
for tu 1~ un ~7 uno 
tt "''• r ov o tn con 
. !o l !'o ul t l n 
t Yttb !yna le pro ra 
~o· .. t t- • ro~l • 
h co tlnuou ly l tnl r: l bor for .. 1 h~ a l"lcul tun 1 
in uatry l•-• e•rlou ro 1 R tor h~ ~. ThA 
o t •fftet•nt u of tti~ xi tlftl l or fore~ n• t • e~ ~ful 
or tz tlon or tnt~ t eoo •r tton •~ ft or~ ~o~ sary th n 
"" r. ~ntly . lo ~ ro t ~ o ~ h l rul tool• 
ln t kl tn ro ~ • Th~ l 8t ye • h a 
r t ovin Snt~r• t ln t ~·~ t•ohnl UP oo nly vn un~~r 
y rl~o n -~ u~ 8 r c~r!tlc l th ft •), p - {'?ro rm 
••lu11 t:lon nl1 :F.nt~v hntr.u~> . or rP ,. t11rttlly, twor 
n 11•1• or t•d l'oj•et ' n•f ~nt. Th• e et .o !a •r 
b•1nt • lo t • fn t 1ro~tn1 nu r ot Y rtou• ln u-trl~• ftnd 
ov@!'Jmftnt • •n l•e. 
rucclnc,11, t - n ~ •tho Ja c n b• ~ c 1 ~ r~• ntt 
ti~ .any ttvltl•• ors roJ t in e n•twor to r~Y lin ln 
a nl•er-out nn~r t lr lnt r~ let!on1~l • nd a UPnc•a. At. 
t r t nl ur t1on tt ~• to ch ctl•lty •n artth t1cual 
ro ta uae to l ~nttfy tho•- ~ct1•ltl ~lt1 t 
th~ o lAtto or t jo tn t ·~rt t t! ~. or•~ ~• n~ 
o trt.aatlon of u~ ~th lt th~ o lcul•t1on ot th l" t 
0 t h~iU.)ft • 
P.1etor1o l cl roun 
Ort 1 117 th •• t chntqu.-1 w .. ~ "•f!lo .. ~ to 9 1 t 1n th«' 
l•n 1nr. of 1 l"g c 1 on..,,-t I proj f\ ta. ''h~n 1 t -'VttloJ'~ 
1t T1~ 1 .-1 ~ ""y~ M.'l t t ~ ·· vy ttpul t~ 14 tl':'at t . t1 wn ror. 
· to r on ru te ln 1n1~ ~rto · of t • 
r ,,. reh t ~o~ ~ to l v~ t!r t ~11ttn 
9¢ t c:hn1 Uf'e r j'1C ~ th4' tr 'ltton· !Tlf't \O"! ni! 1I 
n• nth 1?~l!"i ~ ~O·~ •t~ly n W nnro h. h tP!Jtllt or 
t 1!> rk b~o~m lr1'0\m .. ._ ... •port• ly, '1r t ftn ... r1t ot J. • 
th ft vy CP. .I 1n 1ng th.- 'to lit r 1• O'f' tlo l two 
,.. l''- h"' of 80 ,.~ul~. 
. t ut t ,e -~ t tsu~ t~ ot ... ttolan n ~ 1 .. 
n rr• of th u "'ont ""ornoro tion 11Mt ., a et 11 r ~c ttlu tn" 
uc inf) t:e o sts or pl nt ov rh ul an of sc ·" ul 1 con-
c ton l)rk. pr 1n 1pl" 1 
u~ or n VOY ( rrow tn g~~~} to port y th~ et1v1 l~ 
( jo o:r t~ tilrs) . n t ~ USf' of r: rta 1n eo 
ln 
v T tn ro 
1 n of ,. 
1on 1 ~t~ ll n ,..xt n ion • 
to t k 
o y on tt.m~ ~st1 t 1 r~nut ~~. t, 
d~v~lo~ n .o.t con id~ · ton~ 
tn th r a rorie n,, W t 1 Cl fl t. 
on ur tion ti , ,..., t!O l ,, 1" tbi• , 
thoj. h v 
-
,._ 
o • inc ~ ~ingly 1 11 r '~ tfiue , tlO ful't e-r l t ine ion Y11 
th • 
r~w S ort~nt oont~t utton~ ~h9ll Q ~~nt1on• • ny • f' 
ti' fl\ u l te1tt 1 ft!t b r.onn1 (l"'~) , 'P~l",. (1~ 11 '1 ·or~ _ n 
l:"u]):f!T!Ot't (76 • ~~nptt~ tt'1ti r ~ ., OJ' t 1 m ot untS l ~e 
o3•ct ,.twoJ"k !n ounl! n t'o'Ml 1 d~rtnttlon ~Y th~ '-'orl': ot 
th,.. t., P! . ~ or1i 1n-. 1 -rk o! t:r. TY' t 1, 
pu~l 1 h~n ftX'tl !.., 1n h~ J (')\Jl'nft l or th_. n'P"r ! on ·-
et- re r-o of • f'r!e ( )~ l). Th_.Ol'"f' te .. l 
root or th~ u l~~ - ntt~r hav 
ory• 
1nr.. 
of tb"' tr...,hnt u 
~1 u~s!on ftr ~nnt ftJW t~ 
rlyln! • ll mor@ M- nee trP.1 
ktr' un ~ n 
ft (16) 
r l 
tt:•-~ o~ er l'li 
"llt or n"' ol"t-
aawr.• , th ~ r~ point in a ~lAn• , eftll~ · no~~• an~ lln~e, 
eAll• Arc Cal o '«~~ o~ arrovm) conn~ctln e~r~ln J)A1~• ot 
10 
hl• ct:aptf'r ts ln Y"'lf h 1 on th 1'"ollow1 
( .. '"'' · ""h•p. L. ) , (119) n (lli8 h~ . 6) . 
• rueh .o r. 1ol' or n d to tt • 
r.r • 
t. onncctln 0 I n l 1 nor •r ~t or re 
ml h h t h no l th,. rn tn .. for t-.o r 1n .. • s .. t, 
W! t " ! 1 to l t n tr Q '•· 
loo ,,, -'f ln~ " t ,., l" t • • 
IntJ'O n tnr. n !'Cm t . tr~ t ton, he or1 11\ ot J"e hi 
~f 1n•A ... a !" r,. en~ h,. f!ft t atnk. ~uo an r ls 
el~ to tn • 
ov, c nst ~,. n"' tr.n a h.-r to "' re v!': I h 
l'!lftY 1nt@r P• f!~ t l •• ,.. (! • r 1 c•l f'~ 
n~ vor • Tttu , ort n ·~ n WO t. 1 ~ rrn h Ith t .. 
t . Chf' ,! flov e 1tl~ of 11r tlon. 
ro~"o . rte 1• f'f tn,. . 'en ar1 el! 11t ork th 
h t t Snl?lP ourc~ 1"!0 .. t ry C\t .~ ... 
1' ! th,. n•t 1"1'., "ry no~P. !n th~ n~t 'O~ 0 
eln l etnk 0,.. t a r.o or!fl'r.t• le tt (1 P, • 1\l )". 
e ~ft rurtt. r, t fl oh "'f'C h en .. ct y r~ trte ton 
ll ~ • h flo 1 b l" ." 'tj rro no 1 to j 
CU t r th"' eon .. tr f.nt <. ~ ... 
- 113 t3• 
y i on l" !t r ~u1 ,.. 0 t~ 
r.! t u: "°~ l ~ flow fro OU o "ln't:. h1 t n ,. 
ro Ul l ln•~ r 1"0 r t:m1 roblr • 
for eont1nu1nr. .h .1 1 n fro point, • 'flll 
t • co .. n to sch ,.u 1 t~ tn1 u~ tJ ll \\ intro a d 1 1n 
7 
or t<: 0 !th • • 1r1 e~ of' p~ l ,.~r·· " h~ n«'twor\t. 
tnr. l"nb l ' '• • • l'lfl h .. !u 1ng t,.,..I'"!" Jau ~u1 ~ th !'\rQ ~-~t 
n r! "'tf'!ly t:vo t e-:t1v t ti ~,,.n • 
n etlvlt.v (al .o ..,ob , J y i .-1 f !n~ ' • 1 t 1n-
tton or ,.01 '-? t. lt hnn , rin fl .1 f nr: ntt 
n nnot "t l' until ~Prt~tn ot r • tv 1 1-'lll 1' eo -
,. • 
n f'V"'Dt 11!1 th rmt + or ct-
tlvlti•e. lt t• Pl r. ~fin eh 1r:v n~t tY 1 )Pit tnr 
h r 0 lr • "'h I"~ l,.. 1 ~v nt n n-
t n 1 t 1n • If 1 r ~f-4\ f'f' I th A o1n 
t1on r~ th n Ofttll> 0 fvlty 1t 1 l" f' rrr '"! t~ • f't ~,.n 
t-:v~n ' ,, t h~ .to \nt ' ltt 9;1on r r t t1 n onf! c 1•1 y f 't'oa 
IWC"ft I! ltnlf .-
or T y 
!n l 
~nt • 
tvt !"' n 
t thf'.' 
ti 
,.. rrow 1n ir:• In 
"h 1"~ .. r "1lt. 
1' ,,.., nt h,,. ~ ... u,.. t1 l 01" r or •1-
t!,, y. 1 I• l t , .. 
4 1f'fnr~nt ys I! n"'t o k n 'ht'.' n ff to 
""'nt!. 
tJ f'l t 1 Jt • 
tvtt ! 
1r:i .. 1-. 0 ct. • -
~ o on~ "t1 u -
f "" " in ln 
t !:--.- f' 1-
~h t t1 r 
1r,n1 y1nr: t.~ 
8B 
co }8tlon or t • ctt 1t1. '•no•, th •rl"C) ll • lo le l 
r.-o~ nc• only. ,.,. o t lv l t -r--c tra • r l"ul r M t 
1Ylty n tin fro th t 1.tV~nt 
en ln. 
e 1 1 J>O~tr y~l b nod i? aTro• l"Y~ only 0 lllr • 
tr..- n -n let1onth1 t no .... T:.1 1nf! t le 
y t~ th~ 11! ot v ts • •o "Pfluoua. y 
lYitl !'i l 0 lll not c ~ur • unl,. . •11 rro . 
• u t Int!" t 4' t only l>l" ,. r" 1 tSo hl •• 
h• In • ant" ~ ot t l 11 In 1 • ent! •l-
thour. lt l ot Y"- l 1"1 - • J" tlf' lt •" 1111 1 th t 
lt vlll 1• ,. hi'! c lv t tJ ... on. rrow r• r rnt• t 1 n th tu-
tur • 
t ~ t la hort ~n r u tSon to a r 
th or Rn1' to o. t" ' us • 1n a . u l ln 
tSn1tton1 of re . 
n 1-'U t to« t •r 
lovln 0 1 tf "" n rt tn to 1J 1•1t1-on T' 
,, a:rst ) . 
Gfy~n • J-o3 0 r. h tn oui- ,. le 0 n a 
lnlc 1J ttl th n + 1 no " w l h ft r e r r nentln~ 
n nt1. If fr'I*' t 1 r e~ .. • nt j lt can "rt I < j. 
to 0 "'nt t 1• t t t1· hU8t tt t 
pr • 2, tl < t_,. 
u aet1vtt1 11 ~ 112 h•t t < 
j n •o t 1• 1 t.1 1 o rR tt t ? 1 .. by l t u t t n 1 y 1 • 
8 
?or 1 13 th follovln con ~ l ton mu t holdt 
y 1j ~ ,, - tl 
or, y ij - t j + t 1 ~ o 
r~ . ur tlo tht~ of an aotlvity cr.n b~ !Ub3 etft to O*rta fn r • 
atr1ot1on• th •1m~l~•t on t ln th« follo int i 
1tj ~ 0 
,..tua , t 
th follo 
1ui- tl"n t e 1tj or tti• sotl•lty Ct, ' u t • t1•t1 
con.,tra lnt 
(1) 
T • 11 rlty af thts 'P obl to t 
tloY p~obl a n b •• n. H~r~, tt la r ulr~~ to fin t -. 
lon et th rro aou~e~ to •ITik. A lln~ r ?ogrA l g ro ula-
tlon •in 11 po••! i~. 
In th~ l st f~v ye~r• hte ~to l~ un rv~nt !vere ~Xtttn. 
atone nn 1r1catlon1 n v" tous •lcorlthll r l'flllJOrt«"~ tn 
th" ltt r tur • In • ! ttton to th alr~ y clt,. ubllc tlons 
h r~• t r, tnt r ~t~ 3 1n or t-ehn1c•l ftttll, l• r~r rr•d to 
a f~v OJ" tlel~a llste tn th~ bl llot nhy (4) , (10$) . 
ctt 1 oc~ ~ r s 
Th~ actual wor ot • Jlnc • ft ork t hntau to a !'-
fltBtt. 
tton n •ch'° h.:alln • co t ena 11 1 ml t e Stt• • 
El'!M1n& 
PlannSn e11n b• emu~ ct1trt,.,.• • '~ fln1 g acttvlt1"•• PX-
plorln th 17 or ~r r i~tl.on•bl s n pr~ ~ntln~ th1e into -
t lon in en rro Afl7 roj11 t "" bft lv 11 . into • •-
~ l aottvttl~s h ~1n tt ~ro~~rty t ~~taln otlvttt-s muqt 
bn co~~l~t ' ~to~ othPr on• c~n start • Tor in tune~, 
ff'rt11lz~:r oannot bP rt?',. i betor~ 1t l ou l"t. ln n ln1tiel 
· xa t.Mtlo of tb p oj"et th~sf'I t1vltt•~ us b tln•d an<f 
th• pl"fio :t ce rnl.lltlon• lp a1r.onr th t"flCC>gni1•d. Att•r 'o lar 
tht~, \h~ r*•• rch~r c n ov on to th e tual nl nnln y 1rav. 
1Df ~~ ru~t.lfj rk thlJ t r~v le t or ' 1' r 1 tion hlp btitwHn all 
Bftt tv1t1 •• 
~ mt . .r.s& b" i 1!211 
ur1J t ion t h'l_. 
h ,. 
th91 tvp or 
Yf ll ~ • 
t • ~h• roceh1r~ to follow i ~nP.n~ • 1 r •11 on 
rojPQt und~~ s~ruttny •n l ln ny o ~ ~x rt~nc• 
Jar t ct·or ln o t . 1nln1 oo .. ""t t~ • Uanally th 
of o pl p:roJ~t into eny e t1v1tl f ctli 
~et!m tlon ~ oe~tu • • 
Tt ~ tn r u1:r nt tor :'\ suec~,;,nful hltn ~ llnr, of th.,.s~ t\iro 
• &t lsnnln 
JtTOj,. t on th• 
t tt t'l~t VO l'lc ln 
nt ~9t1 tint ta a v~ · cl s• knowl~ .~ of th~ 
rt o tlu• 1"1on x -:ut lng tb s · at~ •• The 
rule n ~- Rary tor ~r phi 1 ~r~ ~at . t1~n 
n b.o lir.1t rn , !n a n~~ort t. " • 
:: ·b" ~u11u 
~ h~ t l ~ n 1 ~~jor h ~or t!~ n~ work an~l st• l~ r~f@r. 
~~ to ~ oh~ ullng. lt co r1 P~ sf!V~ral com ut ttons w lch 
y1~1! th- •n7ll~ t nnt 1 t•st pt~~t n J oom~l~t1on ti ~for• eh 
tlvlty, th!' sleek tlc~ ror th aottv1t1f'> not on th~ cr1t1o•l 
p1th ~nd finally, th~ orltlc 1 th lt~~1r. Th~ seh~julin co•-
ut"tlon~ con l~t of a torY•rd n b c~Ard pa s throu~h th~ 
n.-tvorlc. 
Fnv tn" ~rrorcs~1 h•s- on~ n t ~, 1anntn en~ - tt •-
tlon, th oa t!on ri~ to ~hleh 1~ th~ ~ r11 t s1tbl~ 
co pl~tton tta- for ftftY ot1v1ty. Th~ for r d sa ~ro­
•l • s en ansv r to tht~ u st!on ror •ao •tngl@ etlvlt by 
1 ~ ln to,; .. th@r th t1 ~•t1 tft of th.- a t1•ft1ft ftlone all 
N)~~l l the l n int, to tt. rom hla an8lY~1s tt o n be oon-
" u· 'l th t e -.1'1r11.- t po!ts 1 l~ co l t ion t 1 ,. for th.- . ol~ 
roj~ct l h~ on,r.f!st or •ll co nut.f!lti ,... Thu,., t e ronmr 
f'I a r~• al thn s~qu~n ~ of thoa" ~~t1v1t l~~ th~t ro th~ 
lon~f' t J"" th th ouP'h th., n,. · ,. • ~~ aubtrf:lct ln'- th• urat Son 
tt ~ of • ch t1•1ty r~o 1te ~PC th• •Arll~ t lbl~ 
st rtin, t1 ~ c n ~ obt..in~d. 
S1m1lar1ly , o ;>0ttn,. the b~c · ~ ~ 1"8•8 yi~l~s th~ l8test 
llowbl atni-t nn' co 1Pt1on tlan for ,.oe t1v1 y. 
nh~ lff~r"'!\O~ h t~•nn th~R• t'"> CO utr.tiona rl•~! th to. 
t "l sl~ck for ~nc activity. Tot al sl ~Y 1 ~~r1n~1 es th •-
mount of ttm t t • s1n l- activity can b~ reo~tpon ~1thout 
art~ttnr. t ~ eompl•t1an of t ~ tot 1 Toj~ot. A~ op ~@1 to 
t ~ totAl •lock, t ~ fr~ l k 18 thPt amount of tlmft whte~ an 
activity ttn " ., ,.lavft ·lthout ~r -.ot1n~ ny oth.-r eatlvlty. 
h• r1t1e l th 1 •f tn a the 11 u~nc of tl"..c•• no. 
1 111n~•r c114, p. 7) 'that • u~nec of 0 ~r t1on 1n which 
th~ d~l•Y or ny 31.n l act1v1ty will ~Pl v the ftnal co pl~tion 
om r ealy, t ~ ... _ inn u or r11 .. ~ eo ~l~tion of eny 
th a Uf!-naf' w111 11 n ,. the 
rtn 1 ~o l~tion l t or .h total proj~ot.~ ro ~t1m~ • •t-V~r 1 
crlt1c l ?>9th l r,ht oo ur ~lthtn "t or)c, 
.. t1 ~. 
ct lly tr s1 .t -
l r o r t ton n r go 1n on "t th" 
"-arr1 
Th ny et to lnelu~ eo t o i!~r 1on. tn on t-
ea:u J>tion 1. th t b. -
r.-c•fn th ~·ur~tion t1~~ 1 13 or an ctlvfty tro hP o 
ob t1m~ 11j to thn • ort t J"IO• 1bl~ ttr. r 13 (or sh t1 e) th~ 
co, ta att he to ct1v ty rP 1ncr~ efn ine rly. T is 
eon tt1on 1m !! r. n 1t1on l r~Atr1 tlon on th unJtlon t1 ~ 
~n 1n~nu llty (1) on peg 76 mtiht b~ r~ltt~n s 
0 -:; r 13 ~ 11 j ~ t1 lj ~ 00 ( 4>) 
Th purpe>s• of this to ulat1on is to r~~uc the proj~ot du1'8-
t1on thl v1th a lnl o 1ncrP s 1n coata by boyln t1•~ alon 
th@ crlti l p11th vhAr it c n b~ obt in~ ' at 1~ast cost. 
93 
An ~xa ple 
This v1Jl tnYo ·~ the rtv~ 5t~ 8 or or ~rlng t•rtl lz~r, 
i>lou1thln , harrowing, f•rt111t:lng, "" drilling. Th~tflt nct1Y1-
tl•• ~u~t follow 1n ~ e~rt 1n s~u-no • F~rtt 17.1n cRnnot 
st~rt h~rore th~ f rt111t~r 18 pro~ur~ ' n l the ,100 hln,, 11 
th harrovlnp, ~n~ 
thfa ·~r1111n i~t>~n1 ~ on 11 othtt!' four on~rrttons. 'rh~ flv~ ac-
tlvttl~ft, th~tr uratlon tl~~ ln ir.y~ ~n th~ r .. Ault ~r th~ 
s h~'ultn co utP-tiona nr- ,.1v .. n !n -e l• 1. In 1tur~ 1 nn~ 
1n F1'4UJ' :? th• two " t ~ of r~f'ro ~ntPt tnn Ar~ Ufl• S to r.nr-
tray th~ pro ~ t ~rapht ~11y. 
hl tftrt and ftn1~h1nr. tl ~, r~s ~ct1•~1y. Th ~u b~r! 1n th~ 
lov.-r cornf'r!'I t.hfll l t .. ,t t1'rt n1 flnteJhtnp; ttm•s. Th• >ura-
t 1on ti - le ~not~ tn th~ et'11t~r or t ~~ • u~r~ Pn~ th• fr ~ 
•l~ck .~lov ~8 h sau~r • 
an l thr flr~t s~unr~ la a lw ny 80tlvlty to 1Pnot~ tt~ ~t"rt. 
ln Figur~ ~ th~ ~rrovs shov t t. ~e t1v1t1~~, th~ nod~~ t e 
"'VPnt , • lln t hA slash-. nrro" ts a u11 y oct1vlty. Tt 1!' r~p-. 
r.-sf!nta t lon 1 ad l fll 'f to el lov • eo T' r 1 on of th,. two fl!tho~P. 
~~~ r~8ults ~how th t thP 8:r."'~~ 1n, u~ of t fl ~Jou h1np, or 
harrov!n vou1 1 r.~rmlt e n r~r11~r rl•nttn tlm~. Th~ f~~t.tllz~r 
A D 
/a D 8 1 E 8 9,5 I STAR< I 
oi 
1.5 
8 9 ,5 
B 
CJ 6 
0 0 
Figure 1 . AQtivity - on- no de r ep r esentation 
Figure 2 . Activity - on - arrow repr esenta tion 
d 11v r y could tAk~ tvo ~AY longPr v1thout post~on1ng ny oth~r 
activity or thr~~ d ys lonr.~r without ~Ployln~ th pl nt1n 
tlm~. 
Tebl~ 1. R~sult9 of sch~duling computRt1ons 
Aatlvlty ~ ymbol 'ur tion Fprl1Pst lat~st ~laok 
tlln• t art F1n1 h ~tart rtnish Total r~e 
n~11v~ry ot 
~ rt111z~r A ~ 0 ~ ? ? ~ ~ 
PlOUKh1ng B 6 0 6 0 6 0 0 
Parrow1n c ? 6 8 6 8 0 0 
FPrt111z1ng ~ 1 6 7 7 8 1 l 
~r1111ng F 1.5 8 9.5 8 9., 0 0 
GivPn these durntion tlm~ it ts clPer that ploughing nnd harrow-
1nr, er~ th two sct1v1tl s on the cr1t1c~l pAth . 
Ap~llc ttons and 'Fvalustions 
~ring th~ past f•w y~~r. th~ us~ of ar1t1o l psth m~thods 
has gro'WJ'\ v~ry r~pldly. Appllcetion~ h v• b~~n r•nort~~ from 
v rlous 1nduetr1ns, m111tery s~rvioPs end gov~rnm~nt ar.~nc iPs. 
In many of th~s~ appl1cPt1one projPots with sevPr~l thousnnds or 
ao t 1v1t1Ps v~r@ ansly~~d end conftid rAbl~ ,81nR w~r~ r~ 11Y~d 
du~ to th~ m~thod. Th is ~xp~rl~ncP ha 8hown thAt th~ m~!n bPn-
~flt of th~ m~thod is 1n ~ncourst~lng lon, ran~~ ~nd d~t~~l9d 
plannin of proj~cts end th poeslbl~ 1d~nttf1o~t1on of th~ mo t 
cr1ttcr.i,1 f'l .-.nts in a l n. 1 1•~nt1f1ntionm1 aJlov a 
r olln ntton of resourc~~ from act1Y1tt~• not on th~ or1t1 •1 
th to ctlvttl119 o th~ J"'th or in c e of no tt • pr 8sure 
th11 t.mtnl h1n of cost8 by r l" 1Sn r~ ourc~s f'l"O th~ pro-
jf'lct. 
~h~ t v l"Ubl1o~tton v 11 bl conc~rnlnt, grtoultur~ off~r 
en 1ntro 1u~tlon to th~ 1n 1 •• of' t h tho cJ nnd so ap 11-
c tton of a rt Arlly ~ lor1tory n•tur... In ad 1t1on to a 
oo pr"h"nslv,,. 8X l.anation of thfli t chn1 u.- ~ooktt-Yarborou !'- (4:') 
]•ffcri 1 an e pl or soh~1ulln h ~lDntlng or w nnt 1n us-
tra 11•. flehro a .. r ( 171) apJ>ll ~ th •"tto to n rura 1 co unitJ 
nv~lopm•nt ro ra~ fn C~na •• Das 1 on • VAriant or th~ 
t chn tcu~ .orrts an;i 11yr,narrt ( 149) stu~ 1 ! , in cotr.l)l" systtt , 
the l~ t oost ~Y of ho enur han~ llng. ~ o~ t.h• G t oott-
t1r•h n lv,a ntu l~! h1 rfllf)Ot"t i1 by Jlf'llnn~ tl u. ( 10 ) fro 11r • 
.-ny. Tvo n~ ~l of th@ labor ncono y 111r,. u ,,. to 11 lu tr t 
the tfX3hnlnue, thP eorP co plrx rohl 
l 1n- r rol'.rR 1n • 
It Re ., th t th~ pot•nt1&1 b~nPftta to b• r~ llz ~ rro11 
th~8~ t~~n1au~8 vit~tn the ~ .rt ulturnJ ftPl ~ ~nv• bArP] h~flln 
tour-htd nd e f f! r r~n • or ~t t ~ 1 UI'•. e~n b• ,;ur, f\Btf! • 
~~rt 1nly, thA•~ ~~t~O'I 11 ~TOVfll to h~ of b~l~ to ~t.r lcultur­
~l ~ .m1n1str t 1ons on both ~t t@ ~nd nstinnal lPV~l, tor in-
st nc~ 1c launc~1 P1uca •1onn1 proj~ot , t nrogra s or bU~£-
•t1nr. ('!1•11nr a•lns 1 ht be- r~ 11 by l r t- f'11"1n. roe-
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sln ,. n ar r:t 1n rl'?ultur 1 pl"o u ts. )n of t ~ ""1rst 
~T>llc.,tlons of r.w. IJ th ~O fl>Nlln~ ot n :1'v rtts1n 1'ro-
.r to launch n "' rro~uot . 
Wh~n 1sousalnP. t hft us~fulnrs~ or th~ ~ t~ehnt~u on th 
f l"ll i~v l anothnr oh rnct~rigt1~ of th~ orttle~ l pfJth ~tho ~• 
houl b born(' 1n 1n 1n thn t thn thr_,P bn le t11 a Ofln ~ 
P~UnllY nucc~os ul ~ ~ ~~11e to ~mall scaln proj~cts A8 ?J18nY 
(! It tll_.1 1n 1nl'lu '"try hAV tcovn. 'Proj .. ttt fn th 'J: ngt' from 10 
up to 100 nctlv1t1~s c n • 11. Rr . ~ 1 n sch~ 1uln~ 1n fev 
hours by t.nn~ nn~ only short 1nBtruct1on p~rto 1• r~utr d to 
obt~ln • wor-ln knovl r,~ for probl m of thts 11 • · bun , it 
s em• ossibl~ to U~P th~~~ t•ohntqu~a on th~ f~rm 1~~1 as a 
r('SP rch tool a v .. 11 " prect toa 1 i:snne flll\t h,.11' . 
e o ~~s ct tool 1t mtrht b~ or vqJu~ ror thA n ly ts of 
the v r 1ou9 lrt l or actlvttltts one r • ThA orgAnt tion of , c -
t tv 1 t iA s on st 1tut1ng tt r !"Ill op l"" t ion tn th~ ost t t! s v 1ng 
s~u~noe tcht oft~n i~" to d 1n1sh1n 1 bor oat • 1h1 
nr o 1 11'l b"r ly rf'oo l rnbl on a 1ghly s ~ 11l1t:• ft:tm 
Vh~re th «,. Ut'n ft of 0 nr tton f~ often ll1t"..O ~ t f1x•·f -4U" to 
to lo rz ion l r"ft p.on., . iov.v ,.r • 1 t c.gn bf' or gr.-n t ~portn ncfl' on 
iV~ ~ifi~d f~"MD hAre f~..On~nt)y 9~V~rnl ! lff•~r.nt 0 ~rftt1 ftS 
ftT rnqu1rft1 to " n~rfomp ·f r,t thP ~ ~ t ~ fln thf' brttt ""-
ournc11 of th ,.. O'P"1' 1n flt 1• n"t obY lotus . A a n xa ttl,. .-
1ght think of a r rm1tr l<fho hlt • t ,. p~r lo of 1x ~·k 1n 
~~ tf'lnb r n tobftr , 1n ~h1ch h- ~ to f 111 tc llo , to 
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t1vitt~ , 1. 
(')ft~n not nt ell ~v1·1~nt Jant1 th~ UAf" of nfltvnr1!1nr. tf?Chn1t;tu 
!131Pht l)Ose1bly r~.-nl eon 1'1 r,, l• Jl 1ns 1n worktn thn"'• 
In ?~gton vit m:iftll r~rm th- P-ffo~t ot eoo ~rr-t!on e-monc 
r,~v~rel fe ~Te in an tt~pt to rP~QC~ t ~tr tmchfnAry 0 ts 
ar"ntP- tnnn1 or r.n1t1tt1oMl pro'bl ~ . Un1~r th .. ~,. e1reumst6'nc~s 
h u r-~ of n ·t ·ork 1n 
!nto th~ v~r1ou~ ro:rm or org~nl~lny. th1~ coo~~r t!on. 
~!ot Inv• ttgnt1on of r~th . r hort but J~t11 oecurr1ne 
l bor ~~QU~CP~ ~UOh ne th~ f~~~tn of ~n1m 1~ C n Al!O b~ un-
1~~tak~n by th- u~~ or thle t~ehnloo- (10~). Th~ Ol' -tY'J'~ fAlin 
t ~ ~ni ~ot1on ttu!t~s or ~rk s1mpl111c tlon stu 11rs ~re to b~ 
in tht1 cont~~t. ~ furth~r r1~11 ror t~- appllcatton 
ot n~twork m-tho~s might b• th~ • nly nd ~sign ot rt~~lopm•nt 
plens ror t•rm 1n r~ '~n~ of r. l~ r-truetural eh$n ~. Th~ ~x-
1'1 ie it eonn t .l!pr t ion of t 1tte l~ Pnts ~bt ottR•t c rte 1n ot .-r 
lonr. run ob3~otfv ror e r~rm 
th v ~tou2 t ps n~~@s ry to tteln thl r.o 1 en be r~•~nt ~ 
9yno~t1cally 1n th~ n~t~rk. 
r. 1nc~ thi gra hle ti0rt~ayel prov1A•~ thP r~.?"'l!l r Ith e 
lo le l n1 c lf-'111r tr tn"work lon ~ tch h• oitn or nlt:e his 
thou17htn in orAfl-r to 98Vf' ltJb.Or Pn1 n 1ncf! tt'-(1 b "tc pl"OCl'durr-11 
esn 'br. l•l!rnf' tn st, thP USf' or n,.t ·ork1n by lnt~r~st~~ r~ttm~rs 
tor •olvlntt ract le l lMnBF'.fl'mPnt qut1 t 1anA !If' ~ .., ,,. ry ))0 s 1li l t" • 
Th• f~nt~l"· s lo!!tf.l kn.OY]P ! (! of ti°'<" p:r ct lce l ,robl~~ will b~ a 
vsluabJe ar,s~t ln ~ tttnr. u~ n•tvorks for r rmn. In a 1t1on to 
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th~ preYtouely clt~ i ~xa plPn f~ hll~re coul~ u t h!s t~ehnlau 
@ff~ctlT~ly to llOD1to? thP ny f~ort9 Of COn3tMlOt1on proj~Otl 
that oo~ur on ev~ry t ?'ll 1ri the courg~ of ~ r~w y~ rs. 
In Yi~V of ell thr.e@ J.)Ot~tlal b~n~fits 1t 9~Mn9 that •UC 
gr~~t~r us or th~ ~Atho~ vou11 bP v-ry ~rof1ts 1~. This will 
bave to b~ aomb1n~d with th• ~sign or b~tt•~ n t~ coll11etlon 
m~thO ~ St ~ th~ l~~k of 9 ~roprf&t~ l Rror l ta fr~U~ntly lm-
po a r1g1 J 11.m!tat!ons on th~s~ fttu· 1~•. 
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In this aeotton ~ Ala vill t~ i1fteua ~1 th3 could b• eon-
ald•r~ ea claas1ce 1n o~~r~ttons • P rch. Inv~ntory ~robl• s , 
rftJ>l&en.-nt problfl'ms an'J to A leas•r d gr,.• ou~elng probl s 
hav- b~~n of ca tn Qoneorn to rfllll"~ reh.,rs a 1 soon es tht1; r lrst 
1D11th~m8tlcal br.s• stu1 l~s of bustn ss o~~r tion~ appe~red . A 
• rt~s ot atan~ r~ publ1e~tlons Ruch as the boo~• by r.hu.rctman 
~ u . (36) t eas1t1n1 ~ !.l· (167), or Fabr eky and org~ra n {71) 
r. tv.- • comf'r~b~ns 1• '1 1seuse1on of thtta4' ir.011~11 n l1 t?-1~ ~N "•r 
irttf'rf.'ste 1n or <! t111la ls ret•rred. to th s• pUbl!oR tlona. 
R@pl~c -nt th or7 1~ cono~rn~l 1th Oftsos ln vh1eh the 
ed.-quaoy or an •s ~t ten le to wors n with ttm~. In or ~~ to ob-
tain th~ ln1t1sl 14"¥1111 or df!(ltvtcy tf"ei a ""t un,~r scrutiny r -
~utr~s r~~l8C~m~nt. ~~fruJ"ll1nfl thet th~ ptlPpoRP of ~-0~ r~plac•-
•ent d"c ls ton l 
theory tr1"• to 
t k• lac • 
to s ur~ an ~eono le a nt8r~, r 1 oea•nt 
f'f1n nt ~tiloh point !n timfll rflplAcM!lnnt hes to 
The 1'1JClln1n, a ~Qo1to7 or on assf't l'-ht be o,.ue~~ by ••rt-
oue r•esons uoh •A ch nr1n ~~ n~ rttqulremPnte, n~w t~chnolog-
lcal t1ttv,.lopeflnt, 1n1eh1ng t>J"o1uctlv1ty1 or 1no!'fHUJ1n1 ma 1n-
t~n~neP- ~xp~n ~•. 
All r~ l o nt mo ~~lP vhPth~r tnk n from 1n~untr1Al or bl-
olo teal l)robl arMs hav th folloving eti-ucturf'. Tvo ess•ts 
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r qu tr lrfa lu..'l t ions ~h prrs•nt Orlp1~ l oo Pnd lts potiont IA 1 
rApl e " nt. Thn f!!'V'~luot1on or both 1tf.'me ~~ to - U'P)n 
t ~1r MC~PCtPd rutur pnrfoJ"r.lnne~. The PXp~t& 0 t~ Rnd out-
Jmts ~ •~ to b~ 11~count to th~ . m~ rotnt 1n tt 
t1Jnstr8 w11l rt?V ] hleh Ut-!I~ ot ot1on 
1 t~P eo t ~rotlt3bln. 
'rh r onlng " n b~ 11 ur.tr~t ct with th~ follovtn~ s!: ]')l~ 
shou11 b~ r~pl c~ • A~• tn thnt th~ D*W trretor 1. of th• 
s th old on n~ th t th(I- t rm~r trl•e to 1nlr.!1~e 
ht.a aviar ~ cost PJ" tr ~tor l)f'r y~ !" hf! ust contild,..J" th~ fol-
lowing c leuletlon • ~h~ c ~1toJ oo~t p~r y~~r iu~ to the J'Ur-
o~•s~ Of t~~ 011 tl"ACtor Vlll ~.Or~as• th lOnV~T lt le US ~. 
et-
s1on ls ,roertt tln t • ,\t that 
er• stri running oost mor~ thnn offs t~ th~ 9P-Vlng in c plt~l 
oo t thf" r~ l11tct"1!.\,,nt !t'oul·' tf'kP. T'l"eet . A olutlon to th1s 
t>J'Obl e~n ~ obt•ln~ l 1n th~ !ollow1n! lnlYs 
Let r b~ th~ y~~r or r~plfte nt, th.- -pure t-.a ,. ,.le~ ot 
thf' tractor er. t>1ta1 00 t)' l th 1nt~r~ t r t•, v th i laeount 
r t end Fn th~ runnln 001t In y~nr n, vhloh r.- !ner 91n . 
rro 1~ r to f! r . Pr 111 th~ rP-tmnt ve lu,_ of ~-nrtttur~s tor 
runn1n£ eost1 oft.-r r Yf'l"r itn1 r. sr,. t he tob.t 1 cost p r y "r• 
v • -L 
C 1-t-I) 
10::> 
Pr • "1 vR ... IA 
,.. 
v" R3 • • • vr- J !tr 
TC - t"'. yr-1 Rr • c nr -1' 'I' r 
T')l!tOfll• 
llnfortunr-tt'tlY, ?:10 t r l,. ,. _.n.t o~t\ls l;rft' ~r n u h or 
o~ 1~x n~tur~ lnvolvtnn oh~n ~~ en ~tty or th n 
fl t on, ~n~ othe~ v rt bl~•. 
it ' in-
p~nd1n upon t ~ it tt~rn of th~ aae~t und@r stu~y a 
~1 tin t1on o.n b~ 
"rnt ro~~la . Tho~- wh- ~ th~ ~u1nm~nt ~ tP~to~at~~ v1t. ti -
~ tn t~~ on"- or th~ tr etor ~a pl• n thoft~ v P~~ th- ~ss~ta 
~1 th~r work of' f11.11 oo l t lr . g . 111 trlc bulbs. To a.nalyr 
th~ ]At -r tvpe or mod~ls th~ u•• of ~ri b~b11twt 1o cone~pts 11 
1teon1 ty~~ r~nl8c ~nt probl~ms. 
t tona 
1gnl f1c no~ tor -
rt ultur•. 11 h,.. l'roaes of' ubstltuttn~ .~ ital tor othl!r 1n-
J)Ut 1n 
y:ortan 
rteul tur~ cont tnu11 , 1 t vlll 4'Co 
to fo!"mul t r~~lac~ ~t 
of lncrfta11ng 1.11-
tAl lt ~on~ ~Qun~ non~n1 bns1~. A rt~r ~lftou•slon or A 
f11v • nl1e t lon• 1n "r1cul tul"e folJovs in or r to 111ut'tr" t• 
.httv lftf'"e- " r nt@ or dfl01s1on f>l"Oblf'T!ls 1n •K?lcultur~ con b 
forrnu111 t*'" ln t,, 
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F~*l"'ll tu 11•s v~r~ eonc~rnP1 vtth th~ nro 1~ of optS..um 
enmae l re te of flo<'!k r nl e~,.nt 1n 1>0ultry prot'1ul'!t lon. aak 
and ~--ck~r (8) i r1ve'1 the optimal r•pl c ~nt tt .. ra by ana-
Jyrinl' v11tr1oua cort n·J r,.tum funet I.on~ fJ>t.> "'"n 1 •xn"'r1.-
ft'Ot • v•t-: tte (:"1?) 91' roAchPd thn nrobl by formula ting an 
• u tton t~At r•pr~s~nts th~ r,.eurr~nt r•lst1onsh1p 1n • contin-
ually o~@r 1nr. ~" ro uetlon ~nt~ .r1 -. In trying to fin~ 
th~ o~ttmum r~plne~~nt nolioy h~ us~t th~ one~pt or ynaale 
J>rova. tny, ,._,,, df'V•lo f! by t\Al asn. In all th~ f't ~tu:l l,.a th~ 
tloek "'rformr1ne.- 1e " tlmf'li to l°lf'I lcno~ vlth e•rt 1ntY. 
!~~ford (l~) c~rrl~s th~ en1tl1~ts of th- flock r~nlaerm•nt 
~robl~ on~ st~r furthP.~ by con~1•~rtn• 1 ~~rfPet knovlf!ir,~ of 
thP ~ ~~et~~ OUt-put r•rfo n~~ of a floOk of tr1s . P.• 1ftlt ~~ 
u ,,,, or an fllXt,.nl"•d a ,. 01~1. 
Fnrts <7~) nrf's~nt .. 1 ao 111 :1 lscountlnr, en~ co roundin l'l"O-
e~~ur~ to 1-t ra!n~ a r~ lA -.ni~nt crltPr!cn for lone11ve~ as-
S4Sts suoh t 1 b~r. Th v1111·1 tty of his r,.pl•e"ll~t cr1t rlon 
he~ b~rn nuP~tton•i (~?). An ~~~~~1~ ot tr etor r-pl•cem-nt 
st tlnr to th~ on~ ~ 1 eue~ ~r~v1ousl Wlll r,1v~n br rtuntor~ An~ 
1chnr~ (65). en~ l~r ~tuli~d (~8) th~ 1nfluflnc- of lnt~r~et 
r t- on fnrm e 2n~rv r~pla Sn • 
"'on 1 ~--rtnf' t:he "'eon·• ty • of' r~Y'l" rm,.nt lft0t1flllfl lt ~an be 
nrru~~ th~t cnny 1t ~ 1n grtoultur~ P.~~ subjPet to eh.8neP ~8-
struct1on that alls for ~ !At~ nn eo l t- r~~l~a,.,,,~nt. 
nurt (~') cit@~ 8~ ow~ or ltv~~to~k br~@~ln~ 
b•r 1 vh-rP n!om fn1lur 1un to d lP~ s~, ~~th, p~y~to 1 in-
iot. 
jury or fire rpqntr~s rt11pl"ce-111 .. nt. o cope" vi th th,.r.e Uf'st 1ona 
Ol" involuntary r~pl c ,.nt u to r'ln 'lom "" nt1 o ! 1f1tt1! 
atoch tic mo~el, orlglnally i~v~lop d by F.olm~d , VP• u~ ~ . 
a th~ • ~P 11e tion shov, th~ u ~ or r~ laemr.~t co1rla 
tn n rlcultur ena e suggn t•· for enny gltunt1ons vti~r tn-
v~ tm~nt oc181onr. n~ to bft = d~. ~ ~lnc ~nt thPory n~ in-
ve t ~nt h~ory Ar~ closftly r~l•t~ • ~c1ntons out pureho.s• 
Of m~chln~r t trnctorB, bu11'1n Bt n~out replocin •n!mAl tb t 
~tth~r gtv~ ~ r1s to a 11y 1noo~~ uoh s h~ns or 11kcovs or 
to sin~l" lu JUJU 1neo1:2,. such n~ b"~r crttltt or ho s r: " ex-
c 1 5 1n tnt. 
urtni th~ last thirty yPrr nn 1 r~~s1n nu b r of etu~-
1~ ~~ b~~n 1~ot~I to 1nv~ntory probl • Tho pr1.ltnry obj o-
tlv or t ~s~ •tu~1~e wns to ~~rtn th~ ~ont prof 1t blA !nv~nto-
ry i:iol 1cy. 
ci1l't~ in h 1 
Tbf.! l.Dr A 1nt_.r,.~t of bu ln~l'n nnaly ts an·t t?cono. 
prcbl 1n un~ rAt~n bl for in loo t all us1-
n~ s nn ln~u~tr1 1 op r. t1ons a toe~ or c~rt 1n oo~s tne to 
bf? a 1n ta tn" ~ to w~ rrnn t l rr.oo th runn !n r of' thf'I .-n t t1rnr i s" . 
~h1s stock 1 ht br. h 1 in th forr.i of rav n~t~r1al, a tn~roc­
~ s 1nv~ntory 9 o~ n9 finished roo ts tnv~ntory. !n ny cas~, 
k~r.p2nf or uch an tnv~ntory . tock r.iv~s r1s~ to ~xp~n ~s n~ 
th" opt1rnnl imrf'ntor•r l'Ollo1 tr!l'.ln to e!~f'tn~ th~t 1,.vf);l of 1n-
v nt<>ry .1.nh shoul•1 ta o rr1~~ 1n or r to lntml1• th,. costs 
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lnvolv~ 1n thflls~ onnret1ons. 
In m.1?k!nsr ~e latona rtJ ,.r·l in 1nv~ntory l~els h.- dvati-
t'9 l':fll an1 3 1~ 1v11nttt .. " or a larc~ inv,..ntory stock u•t l:: f! '00n-
~r~1. Pos ibl • Vftnt r.~s or ft l~rt~ tnv~tory 1'-'VPl ~r~ th• 
~eono11if'l8 of f'J'01uet ion lu~ to l n r g• run sir. a, the n•o1 i no,. ot 
short ~ co~ts that h~v to bP l'.'811 en penalty for not &Pt1nf. • 
~~nn--4, -.n" pot ntlel profits from 9 flCUletion 1n 8 rket Of 
rl~ing prto~a . th~ oth~r han~, t~~ 1n i lsa •~ntn ~ or ~ 
tar ~ 1nv~ntory 1m t h earrytn'- co•ts that oocur. Th~s~ coet1 
in lu~~ tn111urenof!ll, ta%fl'a , ~tPrloratlon nnd obsolPscrno , Yllll'•-
hon~~ rf'J\t, V8rt~us o ~ tin~ x ~nft~s, n thn tnt•rPs t on thP 
lnvtt9tir.i C'1p1 tn l. 
ln trying to de~tv• thn b~"t 1nv~ntory policy, th~ supnlY 
of n~ it • to th@ 1nY ntory stock nn~ th 4"tfAn~ patt~l'n for 
th~s 1t~ • h~v~ to b@ ~x• in~~ . Th~ f!1!1~n~ ror th~ co o l tty 
in 9tock c~n -tth~r b~ known with o~rtR1nty ( 1~t~~1n1 tie) or 
1 _. ~ubjtf!ot to a l)rob btltty lstr1but1on (probeb111stto). 
ftny r. rt.cul ural 1'roduet1 b .. 1n~ au T\lt~tt • 111v.-n ln"l flaoh 
y~~r r~ rnctn D d f"'llt n 1 thftt t ' ~t~ lnl tie ~nd 1nfs 1t~l1 
•lftntle. ln tht~ c~ s~ th~ 1nv~ntory pl~nn~r enn ~a~lly control 
th~ lflT~l ot invPntory by Plth~r ~111nR or torlnr h11 pro1uct1 
nn·' thf' t1011c y to 1'olloY will ~•p•nl1 Utx>n hls nrlc• ~x flOta-
t tons. On th~ oth~r han19 vh~n th~ ~ fllll n J for n co mo1 lty 1' 
b~yon th~ influ~nc~ or th• o~~rntor, h~ m1r,ht PX~rt control 
ovf'r h! s st<aok lfl!vel b oh1tnr lnt' th.- nUMb4'r of pro·!uct1on runs 
n l thA ~fP.8 Of ~nc h l'"Uft. 81 ~llf1~1 ~X•m 1• Of t 1 typa fa 
106 
-pr • nt d b,.lov. 
th~ d nd for e oo~ p8r unit or thaP.9 nd t the 
nu "r of tim• unSts bAtW .-n two pro 1uet1on l"Un • l• the • .,t. 
u-p coAta, ocour?in aoh ti .- protiuet1on run stl!trta and r t • 
o~t• tor holt ln~ onP unit or inventory for on unlt of tlm•. 
It 1s aaaum ~ t~nt th~ coftt ot hold1n tnv ntory le roportionel 
to th~ a ount of in•~ntory (I) and to th~ t1m~ (T) 1t is hold. 
In addition, saum tht:lt th ~oduct1on ti ~ (l~ d t!.a~) 1 n g. 
ll 1 l~ and that ~h~n.-v.r lnv~ntory 11 t ~ro lf'V 1 • nev ~ro-
duotlon 9t~rta o th~t no 
cur, 1.~. th~ d ~n 1 d~t 
y ln fulfilling th@ ord re cAn oc-
inl tlc, th procur nt l~•d ti ft 
11 d t l'l'll1n1 tic and n il111bl~ end th~ enAlty tor hort v. 1 la 
1nf 1nlt~ly h1 h. It tollo fro th t~ a th t at fl8Ch 
run n emount of nt mu t b., p odut: d to fulfill th de "n" ln t 
tl unit•. 
I s Rt 
t t 
/ 11t a /rt it 
0 0 
• Rt 
Tb~ hold lng costs of tm~ntorr f!r prot1uot ion 
Th av r 1• total co~ts ~•r unit or tla• ar~ 
c : ~ t +-
To 1nim1F. C ,,., l ltf r .. ntint~ wlth l"fll))•et to tlmt!! nl! a~t 
ual to e ro. 
10? 
~~ = . t s 2 t • l.ER - ~t • 0 
Th opt1msl tlmln tor ~eob production run ls t • ?S/Jm and the 
ouenttty to b@ produc@d at e"ch run is q • Rt • ?RS/H. Thes~ 
two xpr~sa1ons def1nP th~ optim 1 1nvPntorv 1'011cy for this 
flX8 ple . 
As a rule real llOrl problems are muoh mor~ complicated . 
~uoh oompl1oattons aris@t vh~n th~ proourP.Tl\ent l,.~d t11:1fll, "Pfin~d 
ea th time n•c~ssary to r~pl n1sh 8n inv~ntory stock, And the 
d@mand for the co~od1ty ar~ kno"'11 only ~ robRb111ty distribu-
tions . Nonlin~ar1t1es 1n th~ cost functions might edd to th~ 
cou:pl~x1tv of th,. J)robl~ . In meny cll9s~s 1mulet1on t~chni u@s 
and ~onte Csrlo M~thods ar~ used to solvo thesP complex prob-
Apnl1cA t 1ono 
~•VPral articles 1n agrloulturel 11t~raturP us~1 1nv~ntory 
models for tb&1r analy!is . ApnlioRt fons t th~ farm lPV~l hav• 
b en r~port d so far only from Australia. Candler (?4), (~?) 
formula tPd the problftttl of opt 1mum foragf' rtitserve in feo~ of' a 
poss1blP drau ht as en inventory probl~. In thPsP stud1P8 tbP 
tutur~ demend ls only knovn as a probAb111ty distribution . A 
similar study w s t>Ut f orward by Mauldon snd 11Jon (144). 
Toll@y ( ~0~) dflscrlbed the USP of inVf'ntory enaly8l8 1n 8 
m at paoklng ~lant, while Gisl son (83) d~v~lop~d grain stor-
• a e rulPs for public policy by usin a similar mod~l. A ort" 
rPcent 1nv~st1gst1on into thP optimum re~d re&@rves und~r 
r rught con1ltlon 81 
b'T Afz.-.1 ,tl al. ("'). 
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i>r b bill tie :1 .-nc1 1 
In u r1 1t n b~ 9Al~ th~t vh~n..v~r th ~tor~ e of 
1 r~ tnv~ntory a~oek oc nrft, th~ us~ or th~~~ t1J'P of o ~l• 
m l~ht b~ sugg t to r du t 001ta 1nvolv~~. In t~~ 8«r1-
cultu?-al tt ld th !'tor P"' or th• 'Y~riou r,. 1nJ"Ute n~ out-
t 11 b~,.,o lne ore n:' or th~ cono~rn r 1 r ~ sun ly 
t1l'l:ls, coop•r t1Y , roo~1•1nn f lrms, an iovArn ~nt ~g~no1 '• 
Th~•~ rt 1 coal as inY•nt~ d 1 ro~ ~t,,.retntn th~ b•st 
1nvMltory r>0ltoy for such inputs ~ f~rtt11~~r, ., 1, 1111~1~-
r.nt , n roducts, ueh lft ch ~, butt~r, m t, nd gra in. 
As th~ f~v pr~lou ly o lt~d ~x pl~s ~how, t~~• o •ls c n 
l~o b,,. ot ~1~ 1n sol•1n cnrt tn ro 1 t th,,. te l«Y~l. 
In 1d1tlon to th d,,.t~ tn t1on of th~ optt 1 forr ~e stock 1n 
th re or v•~t . run ~rt 1nty thP s ount or r~rt111Y. r ors ~d 
to ~ k~ t on t • t l"1TI can ~e ~tP in•~ 1n th1 Y~Y it st x-
p~rt ne~ pro•~~ th t s.ort~ ~ of th s~ 1n uts r• llk lY to oa-
cur. a •clal cane 1n point 1 th~ ~c1~1on at t vhttth~r r. 
Y ~tttd 1?re 1n shoul b~ sol1 1lm ht•l or ,. lr.,.. t on th~ r 
1n th ~YJ'~ tot1on th t rt in~ rte~~ will mor t n orr t t @ 
carry1nt: co tn. 
Qufl'u,,in robl..-m ,.~.,,., a Ofal"t81n 1 11nrtty tt tnv•ntory 
pro lr • oth r con ~rn,. with th~ CCUl!1Ul•tlon of 1t"1nR (or 
t~s~a) an t v1tb ubtr~ct1ons. In qu~u~1n" prob ~ t ~acer~-
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tion ot 1tm=r r usually rftndom n th u tr~ctton sr un ~r a 
o rtsln oontJ'Ol, vh~r~aa tn 1nv~ntory ~~obl ms t ~ •ocr~t1ons 
re rtially controll• 1 nn th" ubtr ct1onr. U!tU 11 ntlo • 
h~ ~tu J or both mo~ l• show. c rtsin 9 1lJtr1t1 • 
' 1t1n lin or ou u~1nt. U~r1 o!i le nr~ "1'1 17 u e t:lO -
ttls 1n o ~!' t1on11 r 11~~roh . In ov~'t'y y lit ~lttng 11n"a r.-
~neount r rl fr u ntly. Th~ cu~to ~r ln ft sup~rmark~t 1t1n 
top v h~1r blll fo ~ queu~, es lo h~ t~l sten~in ricul-
turJtl mach1n~1 1t1n for th r~p lrman, or th~ lftn wltin 
iselon to 1 nl t th erovi~~ lrJ>Ort. c~n~rally , any e1tu-
t1on vh~r• arr1v1n~ unit hftv~ to wnit for n 1 ~sirP~ s~rv1~ 
n ~ ol ss1r1~ e cuf'U~in ~robl • 
U ually, co . t; r" eootet with w 1t1n in a 11n"• Th~y 
r~ r f rr ~ to s v 1t1n cort n• 1~ht ~of ~utt~ d!ff r nt 
n" tur~ . h~ 1J lny in r~'f?81r of on Ai:rlcu tur11tl maohln• might 
o~ur:~ consll"r bl~ lo • to t h,. r~m r, thf' l n~ ave1t1n Ian .. 
ln p~rm1FsSon us ru~l n ' tlmt-, t ~ cu tomflr 1n th au re r-
knt irrlt~t l by lonr. 1t1n lln~s 1001~ t ~1r 001 ~lll to-
r t h tor n t ,,1r sv1tc lng to 1 co p~t ltor tntltots 
loss to tt~ prop~l•tor. ')n th ot ~r hAn1, th~ ~OYialon Of• -
ltle>tl!l S('TV11! f , C111tt~ to N•!1UCP !ting CO!lts 1• I'][. 
pmistv~ . ThPe~ co t8 r~ r~r~rr~~ to ~ Prvl~· fno111tv ost • 
Th~y u~u 11y consists or th~ c~ 1t l ooet for 4 n~w ~Prvte~ 
ehann~l c~.g . oosts ot constructtnr n~w l n 1n 
o ~r ttn ost or thi a ~ r~clllty. 
tr 1 ) "n thfll 
Gtv n such o robl4'tl th• t~8~ af curu•1n th~or· 1 to ~ln-
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tmlze th~ sum or vnittng cost nn~ ~~rvto~ f~ctllty oo9ts. To 
attain thla obj.-ctivtit th,. e'>pA~lty of th~ ""rvlct- r a111\y en 
thft- ohAr et~rtst1o of th,. arriv l ~ttt'rn ust br n&lY%"·1. 
Thfl simpl~f't rob14lms in QUf'UPin th.ar1 are tho "' YhP:r• 
th~ a ount of' ttn.P n~oP.11stu7 tor o rvtoft nn ! thP nrrtv l tt m 
ot th unlts, to b~ ~r¥~1, ar~ knovn tn o1vano~, t •• th- fu-
ture ~fl'l!14nrt tor service en b• prP11atP1 ~1th ar~t&lnty. Th~se 
''~1 mlght bP cl.A slflt"d n~ l4$tf' 1.nlst1e wh1l" most ttf'~l 
11 VAl'11tblfl t~ldl'U? on vnlu s of ft g~elftc l)rob bllity . lstrt. 
button n~ th• snme hol1ls tor th~ 't 111 ttet r•outr~ a 1,,rvle • 
'f'h~1r P.rrlval J)Btt•rn l.-p,.n is UT'On t:h 11 tur"' of th«- population 
that enus~1 th~ t11121~n1 for s 'l"Vlc~. !"urth-r ~ln~stfto~tton of 
ueu•1n mo J l te r.>01t•lbl'-' nccol"~lnP. to th11 Mlttflnoa ot onf' or 
th~ arrlvnle eo "' f'rol'll n flnitA or tnrtntt~ population. 
A wt·l~ly us,.,1 ~U~P-tng od l wlll b• chnraetlflr1z~i bftlO by 
a fPw b,_sfc ~auat1onn. Asgum" that th•rfl ts on.- Bervlc f'l!c111-
t1 Rn on qu~uP. Th~ ~rrlv ls f!!nP.nat~ from an ln ~ ftnlt~ ~pu-
1.ntton. Both arrtval.11 and nttn-1of'1 oeour ln ncoori~ncfl with 1 
Poisson nlstrlbutton. 
Let w b• th numb~r or units 1n thP nu~u~, n th~ numb-r of 
units 1n th~ sygt , mo le up fro th~ tt111'l!a 1n th,. qu.-n• ent1 th~ 
on~ b~ln, l~l'V~ t an t t ~ ti ~ en arrlv~l rnu~t wntt for •~r­
v1c~. Pn 1 th~ ~rob~bll1ty of hRvlng n onlts tn th eyattMn and 
A ts thP ~ n arrlv 1 r to (thf! !JV rnv.a. nuMh•r or cuntom,,~s 
lll 
pP.otfld to Art-1•~ tn cm_. unit of t ttm~). p 1 th" ~ A t.tf'r ... 
v!eln . r~te (th~ ~r~e• numb•r of cun om~r• th~ a~rvse~ r 111. 
ty co pl,.t s l.n on un1t or t i , &seumtn "" no short~ ~-- of au.t1to • 
ral. C tv~n tt< f! d f 1n1tlona n-1 tu1su t tons the corr1ts n. r tni 
ouf'U~1ng .o ~1 c .n bfl "' scrtbe by th• tollow1n thrf!41' M,ua. 
tlon : 
~Cw) :: 
(n) • 
(t) • 
µ(µ--A) 
•Y•ng• number of' unite bl 
ayate 
av•r3ge w I.ting tt.m~ of an 
a:rrtvo 1 
'rh bovtt eount1ons 1' l y only for A µ- 1. 1 .. r t1o _1:::_ F 
l tb~ i.-n.gth of ts known ae th~ ut111t1 factor. It 1t ~•••ds 
th qu-..u• v1ll row to . r 1nf1n1ty. If th~ ueu11 1~ to b~ k~ t 
hort th~ uttllty r otor 't b~ ftU •t nt1tl1Y l• e than unity, 
1 ••• the 1~rv1c~ r~cillt1•• must b• 1 le during ft large ,roJJOr-
tlon or t •· Thus, 1dl• c peo tty and ro ,,t a efl'rv toe go to-
•ther. 
A1u1 lcm li laos 
A r vt•v or th• lit ratur~ rNV~als that th~ bulk or ·~~11. 
p:r1•••· The us~ of tt~ l 
t ~ft le 1 nt numbf)r of unlo d tng 
r t. ~ ons (178) r port ~ e at 
! ... ? 
11.r tu?y of unlofti1n~ e111tl~• ror r1~•t 11~ 1~tr1~utto. 
on1itr t ion of nmJn in tt': ory 1 P 1v~r. 1n t!n rt 1e by I a 
(11 ) 1n 11• , tch hf' enn)yEnd ch~t3kout f'r.c1 1tt~n or rk t. 
I pl1e t!onC': of' nuru~1n t?",.ory t-o r.;(11 n . ~ ~nt 'lU" t1on of 
nol"l:lnl svr:rn~@-~1·• r ~s hnv~ not ~ n rr~rt~1 tn th~ 11tnr-
turP. ut it 1s cone iv bl" tho t ~nt l'ro 1 • of lorv. 
tceA 1., ooul 1 b• romula t~t1 ln t 1 f! fr c"vortt. !hfl'.I "111'C ~ 
or n '' 1t1onl'l r.nch1n . 1 ht ~~ loo~! uron t ~ 1n·t~ll•-
t1on o nMit a~ 1c r~e111ty n~ th .o l~tlon of t ~ harv~ t 
f.n ehort"'l" ttm~ " .. the r~~uct1on o~ '1m1t1n eo!lte. 
h" al ntfi"" ncfl of thf' o l l rn 1 ~ht 'ncrt- "" o•f'r ..,,.. fu-
turn ,.~ th "J1Sutoa1?.nt1on11 o f'" h n"ltnr, ,.,..,1 sto "" n~ 
llv~ to~~ opP.rAt1o ~ ~co~~ mer eo1!1!on. ~ i~v~1opru~nt 1n thts 
' lr~i?t 1t>n n .- obsf\l'V : n i . c oont !nu() tng r,.n to r . ~ 
f . S l ttt 1nerf!:> SP } ~ 1r.rpor " Of!> of n uto .. tr.st 1o • t· Th~ 
o . tlmu~ numb~~ of truek to~ f~• h ulinr,, th ~nt rtv.~ and 
numb•r o unlo8 r ror silo 11 l lnr o ~ t1on t ~n1 h~ rt ht 
At tty or eonv~yor tor uto t tc a ttl,. f'r,,. ! !n 1 . t ~ ror-
rrul · t~' tn th1 f'ra $:'()J"k. Thf'l ur" of' tbl m:"._. nn ~u?-th"r ta 
tm fU"St1td for coop"'r ! ivcfll n1 oth,..r rrvtc~" rirovt 1n r~m• tn 
-l r-c1~1n uah ~u at1ona st• bf' t numbf'r of r~naiJ'm.,.n tn a 
tr oto~ rftp~tr !t"t1on o~ th~ opt1 m:a nuo ~~of Ta~tnu~ ne~ln e 
rrou1r~ 4 ~or eurto 0 ~rAt1ons. 
1J3 
,orrr or. ro •. 
Th~ v rtou~ th4"m tle 1 tool~ ~r~ePnt~1 1n th1 fttu1y tn-
va @d ev.rtcultur81 ftOOno tee 1n t~~ lnet ]5 1~Ars . ?h• t•rm 
''tnvaP1onp _,,, juet1r1.-1 thP foJiov!.nv SU1'lr.:11n•y v111 con-
f ! • 
tn-. r ,.,ro~rR t.n intro uc.-~ In egrtoulture l ~eono 101 
1n 1q~1 (~13 • Th~ f!?8t ~nplt At!.on or r. c th~ory r~­
rort@i in thfl l i t r tu~~ In iq;7 (lQO) . In mibs...ou~nt 1~ rs th~ 
1ntro1nct1on of n~w t~~~nlnu~s oocurr j t Bn 1ncr~ 1n8 ·~~~1 . 
'i' f' first tu ::ly URlng nonJin_.Jtr pror.rAtnmfn . Wit" ::1_,.tl'Crlbtd 1J1 
]Q6 ( ~), follov~t bv 1~vrr 1 a~p11ont1on• ot M~rkov eh tns 
(117), ( ~1) 9 1n 1Q6'· On~ y~~r l t~r e iynamlc pro m in 
ro 1 ~~ firet d~sori ~ ~ in th~ r-rteulturAl lit~~~tur~ (~3) , 
n·i thl\ 'l.,,._r 1964 v1tn•~ri~1 co pr*h nnlv"' pr.-sf'nt.t:ttlon of n,.t. 
work n•lYPlla (3o). !n l% , hiuJ.atton trchnlou n w~T'~ tnl-
t1ally ap~l1~1 tor~ . m n fl>?fl~nt ~robl c~ ,, , (~Q. 
'htlP rf!I .. r· h~rs oft•n pr 1$f' thta PUpf'r1or1tv or th~tll~ nf'Y 
t~ohn 1 u~s o•"r r v iou ly ua@,, fttho t fl atn 
P.nd mor~ ~o hlsttc-t~ ~r~ tlon~ b~tnP. au 
~• ~rly aoc~"t n~v 
11~rt h ~eth t l -
o!~nt, t ~ ~raotlonl f tn ~ny c~s~ , ts su~nos~~ to 
b_. tht- f!nal r+'einh•nt ot th~s,, tool hftr'1ly not1ef'tt t nlr nttt-
trn~P. ~~1 itu tlon bne ~"fl cr1tl7~d fr~~uPntly (11 ), ( 13) 
and d~~~rv~~ momf!'Dt of consl~~rn .ion. 
'o • O o, lnt u~ d 1Y1d~ th~ 3grlaulturnl f1 ld into thr e 
n etionni r~ ~ roh, tc. ohtn~, n ~YtPn~ton, vh~rP ~~t~n81on 
llt. 
sf. 11 r•pr ~nt thP. ~ pl 1eot1on ~r o .P.r t 1on~ r~~ re~ t~~ -
nl u~s to s nn ~m~nt pro lP s of ln~ tvS u 1 r~nr.~r~. Th mo ~r 
t~c ninu~ hav~ fSn1t~ly COn~u rP th~ r~r~~rch f1 1 n r~ 
r~Yolat1ontr.ln th t~ ~~tn r.nt. It t ~eo~in tl!V!-
<J nt tt'" t th ,.uc. 1o of t ~ ruturP r,r1cultur., 1 fl1Conom1 ~t !' 
to tt' upnl m~nt~ :! y r 1n1n!: 1n r~ .r-,.rr tfle n1 tu·1r. , co 1'Ut r 
u~ , 1n ~ th tl~s ~ : st t!nt1eg (f']O). Until thr tt ~ thmt 
p~o~l~ ·it t 1 ~ u~ ion r~ v~1J blP 1n rxtr.n 1o~ ~r~ 
i~rg~ CO JnUQ10 t!Oft Of t reP •tho1g to f~rtn~r~ 0 nr.Ot b~ '!'X-
p~ t"..11 . Th1 1 t bP p~ t l ~~plan lon for th~ l , Sn ~P-
plteP ~ 1on~ of tt E~ tool~ . 
Y t , th~ bov~ !1tuAt1on a n b~ tnt rnr t 1 In 11r ~r~nt 
r at1on. ...h raet 1-p·o 1r. r Uy o d 111on tool~ 1n eonorfea 
Jg nothing ~orr t~n th ~Anif~~tot!on of e lP.rr.e r volut1on 
tol.1ng pln ,. in .rtny f111'1l !s, t oomputnr r,..voJut1on. ""hf'I un~ 
o·t coM~li(:h t • t 11rc is ion toc:tm1ru,.s for .nn~ _r.r "nt pro bl mtJ 1! 
only on f 8CAt Of th,_. $~l'V te~I CO pU t~r l"~n ·fo to rrrtculture. 
•. ~--con! r P 19 thP 1'1 l d or In ta roo ssinv.. In th('! 1 .~At t~ 
futurr, it 1s 11k•ly that the av~r. l~ r r w111 ,nin ~or~ from 
th1~ s~rv1c th n fro. th~ Rnp1Je~t 1nnn th~ v t~uP i 1~eue ~ 
c1-1on to~l& , bee u ~ th~r~ will • hort nr of nuolif!~d 
~t ft to apoly thfts~ tooln ·to th~~ n fp s. Pow~v~r, 1t ~ul~ 
b~ o fnr.r~ ch in« o 1 s1on on th~ ~~rt o~ n r1 ultur r • 
s~nrch~rn tr th~y J 1 not tt pt to $Un~rv1 ~ th in~t~ll ttnn 
of th~ " rPeorrl k ~ping sy tr~s, bn AUSP ,.slgn of J~ t col-
l~cttn syet~ms ~1thout r-g~r1 to th~ ~ata r~rutr~ ~nt~ r th~ 
i1-; 
av~l 1~ ~th@ tte 1 o~P-ls 1~ ftt~ of ~rrort . lY • !~-
tail~d knovl~ v,~ of th~ m~th~ nttcnJ mo !•l~ c~n A ur• th@ ~~-
1gn of pron~r nta nroo~s 1ni .y t s . Th lR polnt 1 f'Urth-r 
h~ tP.~ 3 , ~lno~ th• successful Ap 11~ tion or ~od~ n t~e1~fon 
t~chntnu~ to nrAette r~ robl~ e hln~P on th~ o r~f'ul rr-
aor in of 9J)~e1f1c dnta n~~~"'" f'o r th~stt "-""" 111on tools . "i'h•ts~ 
tn r• ordinr flfY t st: ul4' not on y f'ulfl1 l su conv,..ntlonel 
rP.outr~~~nt 1~ ~rQV1 lng a b~n1 / ror tax purpo~~a , 1ntr fof'l!} 
eo 1'>19r1aon~ , and OAl ulat1on~ or v rtou tn~io~s but a~oul~ eleo 
e ttsry th ~•ta r~ou1r ~nts or sp~elflc ~•e1 ton @ls, aueh 
a i 1n u t -outl)ut oPff 1 1f'nts toi- l lnfll r rogrl! . !rut , labor ~a~ 
for nAtvor~tn~, ats o flt function~ for 1yn 1 ro~r . tny, 
~n1 ~~t 11•~ r~~or~s ~ out th~ trnn 1tton or 1eroun1ta tn t1m~ 
for "l9\tov C'3h,.ln1. ly r~aflln ro rs r• 1n ft no~1t 1on to r. 
r~nt s'l'!Oot eo~ tn tlon b~twr~n ttP t-wo SAl"VlOP~ , ~ t~ rP-
cor~1n~ nni nnplle t1on of d~ 1~lon tools , ~n ft 1~ o~rt.tnly a 
oh 11~n 1np, t ~k th t 1s wn1t1ng 'o t~fl'J:l tn h- futur~ • 
• tt•ntton v111 nov b~ lv~n to n co ~nr1. on of t ~ rPleti•~ 
•r1ts of th~ 11souo~~ r~~~~rch tools. Thie wllJ b~ ~onr in 
t ·o ~y • First "" tt~ ~t vtll n d~ to anever th~ QU~etlon 
r to wh l tool e rv~ ~ l':'Ottt ttttntion 1n "ir1 ultu l 
t~ C in nt XtAnS10n ~~-n th~ r,rn~r ] ~rob)fllTD r~e f f~'M!l 
c nng ~nt n v~llnblr. 1nstruot1on tt ~ 1 11 1t~ 3 . rrcon ly, 
th~ o,~1 v111 b claas1f1~ vlth r~garj to th tr a nroprlatfli-
ne s to l'H'> o lf 1~ r~sP" roh robl s . 
Turn1n to th~ first cu~.t!on, ltn~~r ro r ~ tn c~rtftinly 
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~f!sf'rv~ to t!l•nt lontt,. "'t thr1 bflg 1nntn . . Thfl' '111 spt'" s ·f u~• 
o tht mo 1 c n b r~ r~ ~ ~s ju t1f1~ • atur lly, vnrlou 
cr1t1~1sms h~ve b~ n r 1s~1 r.A1n t ~o~~ of th• Ul\ !~rly1n ftft-
~u pt1onr, e.g. ti.m~ . ~ (66 , but its ov~'Mtll us•fu1n ss t s not 
1n t ubt . · lmris conelu1•1!1 th t th,_ nrobl ot-lr.1nntln 1n 
m th~nt1os, t"t1et1cn, n' ~conom1 ' ot pro amr- inr, ~r~ 1ur-
~ountn~l~ nn1 ett~ th~ ~ f1o1~nel~s of pl"Orrnm~~rs ~ e main 
bottlPn c~ ~OT ucc~ssful ap~ 1c~tion~. ~ gr v~ (l~l) 1n 
surv~y b or llnl\ r r os:rnm:- 1n ap~lle tlont in Aur.tr 11.-., aa-
sn~s~d lta ontr1 utton s b~1n~ V~ry 1>0Sitivn. Th~ 81 W!CY of 
th 11ntsAT pro . 1nt: O"l t'll hA!l '!'fll01111ntly b~nn ~J'hA~l,ft:J in e 
t\l,,Y b , .'rrril (14.:-) 1n vhieh h r~f'Ort~1 th t thti! solut1onft 
o t81nA1 tr~~ h t r. ly ~or 1!tlc te~ .1 nntng ~o . ~ls (A ~to~hnst!e 
rof'.rn l'31nr. o Jfll ftn l l tnr-1:1r t-..,,. o ~ .. l "'"J"fl! u .- I trr r l tt-
tl@ rro tho ,. 0 t olnt1 1 frot"' ten t 1": 11nrnt' . o'r !!n':2 1n md-
•l . Th~ ~1gn1f1oane~ or. nonltn~n~ ~ro rnmmin~ nt nr~e~nt 11~! 
nr!r.il'rtlv 1n rov1:11ng --ttc-r un1 -rr.t~n 1n~ or th~ 11n r -pro-
ir ~~In l1rn1tntlons. ln r ny ~r ~e thn info tlon wh 1eh eoulA 
b obt 1n~ ~ v on~ ~orn ut r ran 1th non11n~ r o~nl c ~ 
~P-1n"1 1n srvo1"nl run u'1nP l1nt'~l" 1:!otoJ . flllt, "'St nonllnf' r 
cnm~ut~r nro~r ~ brcom~ ~or ~n~11y nv ilnblr t~ y 111 ~ use ! 
to ~nco~pn.s 11n~~r nro r~Mmln ~~rk . Th 1 !fie ncP of 1nt .. -
~r ~ro r nn1n 1n rt1eular, 1n co b1rnttlon with th lin~nr 
mo 1 .. 1 c rt't inly ~ ~s~rvt'ls to 'b,. Ata 1 1"'1 • 
no·h~r tr. hn1~un, worthy n ~lo r AX• lnr.tlon with ret~~ct 
to fr. ~~n ~-nt 1s n~t~ork ~nnly ts. Th~ n ivnnt ~of this 
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m~tho hsv~ h~Ml ~l~bor~te l to suttloi~noy. A furth~r orlerln 
rt leu 1-. r ~ 1 tun t 1on. Fut, 
kr~ptn th~ f1r5t nu~stion in ~1n1 , lynnm1c pro r ~~1n~ rn s1n1-
ul t1on woult o"r-ta1nly pn,i th" ll~t , 8lnc., th~ 1 ·1:'11t1onRl 1tf-
rort for t 1r ~~lie t1on mr~ no t llkP.ly to P offs•t by th 
a1 11t1on.ql gR 1n • On th11 othf"r h~nj, it' th~ o j•otiv" "-'1'19 to 
lnv stigAt~ po sible contr1but1ons of n v tf"Chn1 u•R, ~YM lo 
pro r mttln Sln 1 simula t 1on oulr! l'robably b,, th~ rtr t "tho s 
to bf> eonsi·,•r.-.-!. 
ThP con·i nu~fttion to b 
l~rg~~t potrnttnl ror rrrt1cul r problrm Ar~9S 9 RU h RR unc~r-
t 1nty nn1 t i~~ nn lnv sto~nt 1r a 1e1on. . m~r~ P-num~r t1on 
ohe l l ~urrte~. TbP cons 1de~~t1on of unc~rte!nty ts m9~• po~P!­
bl by tb• followln tAcbniqu.,!'t sf'nsitivity Mly~is nl1 pnra-
aPtr1c p-oer~ ~ tnn , d~c1~1on th"'Ory 1 sto~hastlo ~ro r tng, <'ly-
n 1c pro'.r o 1nr. , n sb:ul t1on. The 1ncorpornt1on o! th 
tisc 1~mrnt lfl po~~! lA 1n !yn ~1A l1n Ar progra~ 1n«, ?yns le 
pT"o r m 1ng , ts-r ~ov chlll1ns, An1 e1'1riUl t1on. In so "rnann«'r all 
! lscu~s~ t~ehn1cu-s hnvP b~ r1n on 1n•~~ttn nt ~~~1 tons. 
lynAmle ~rorr m 1.nr, , 1nt~gr.r proF.r ~ming , n~ r~~1acC111r1 nt mo1 11 
a r~ or t.mm-~t # t~ sir.ntflcAno• to this ro l~ • ~h~ 1ntr1c t~ 
pro·bl s involv.-1 tn tnv,..etr.:rnt 1tte ls ton havf' b~r.-n •J'pro.rcbPd 
from v r1ou~ ~t. n1po1nt, ~xnepl~e b~tnr. ~ontr1~ut1ons by r.otner 
c~:n, t~rn•r (135) , an~ \.'e .. worth( ~ 8). 
In ~ l~cueslnr th~ a ~auooy of vartoue mod ls for r~oblf'ftlB 
ll8 
nt th t='icrol~v 1, th tr ns ~rtntlon ~o;1,.1 9 thf"' ' r'kov crain 
cono~~t , ni slt1ul t1on ~~~rv~ Pntton. 
Ii s 1'01ntfll out, ,.o ··'P" r T to th,. }'u,r ~.-rort 1n thf'I T~-
sr re~ r~ , th~ 8Ctual u~ of o~~rn n e~ ~nt tools on th• 
f11J"r:l 1.-v,.1 1~ ti l limitf.!1: . ~ rl~t hr~~k .. o""1 or th,, " e pl1-
ont1on 8hRll P riv~n. Th r~ rn four ~~in tyn~r. of cr1cul-
tur l pro~l·~~ to ·hteh eo r.utnrc nd opP.rat1on~ r~~~ ~ ~ t~eh­
n1r:u ft ti~v" r.t"n "npl1Po' 1n th~ 1 st Y""re. rtrr.tly, th ealeu-
lnt1nn of l~~~ co~t r t 1on~ ror b~-r nn~ lnfry o ttl~. hls 
nr-rv1cn ifl 3V 1Jn"1~ (for in tnnor) to f . ~?'tr 1n ~o11forn1a. 
!n on xpr.r1~nnt t 1r. 8~1"V1 r VA~ ·"1n AVe 1l bl~ to P r,roUp or 
fnrnrr in fw1 7.~rl~n C8?} . r~con ly, thP c lnul •ton of optl-
ri.Ut'\ pl nn for 1nri 1v1·luA) f nu1 by "xt,.nr.1on .. ~rv1t:fl!9 or co 11r-
chl eonsu in 
u.~~ fort~ chfn 
·orkr;hop 
ro r. 1np of 
Prn. l a~tly, ttn rP of ~1-etronlc 
r cor~ s in v~1eh r1~1 1 work ls ~inu 
ta 
rr lrt'! 
out by cPny ~xtPne1on nrvto~s 1n th~ Unit~~ rtatP , n tn oth~r 
~ountr1"9 (169). 
In the yr.~"' nh~nl th~ co 1n~1 ut111?at1on of th•• troh-
n 1f1Ull> wll Cf'rta inly ,. n 1 r!'tpl:i ly . "Y!'ltt:>M or st ula t1on 
•1 opt1m17'. tton t,.ehn ttJu•!t b 1n aet up on th~ eo tP.r, in 
wh 1oh th,.. r ~ lso r. 1.r\tr: 1n h!e oeount ' rJ tr, t soon e 
ev 11 l to olv rf'nA 1 ly n- r,:l\nt r.u~s.t ion upon th~ l' Uf!St 
or th~ rA rmrr • In o rurth'-'r tf'p th~ ooanut,.:r m! ht ~rsn b,, 
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usf' r'I o con 1tor ct"rt11 in pro uot1on ~roe $!f"S . 
PowMrf}r, 1 t ls 11k~ly that thtt prop~r uN~ of • l°'" l rr.~ 
tr.ount or eta soon nv tlnbl,. And or t.h" 1nfo:r t 1~n, I'" 1n~1 
from th~ ut111~Atton of op r t1onG r~ r rah tool , will er• t~ 
nn~ ~ro l~~o of tnt rpr~tntlonP . ~yb~ th~ eon~~pt~ of 1nforMn-
t1on t~~orv ~111 h v~ to b~ r~11~1 upon to 'rfinP th~t anount or 
1n~o~.,. ·ton tl" t ls,, , ~ unt~ for thf'.' c11 "'!!ity of hf'I 1nformet1on 
c~ntrrs . n ~hennrl~ th t v~ ~neount~r on f~ rmB . 
't11' 1s ln[!t pr o3nr-ct l typical f'or l!IO'Jr.m menog,.m nt -r~-
P re . '"! th~ ·0~1 of . e1o1on n k1n« (3~) . Thts ~r~ ~~cs 
to b~ ~v~r ~~pen· 1nr. 1r. sco ~ n1 oo:pl~x1ty n , r~pP~t~tly 1t 
cnn b~ obs~rv~ thgt , A 1uoe~eeru1 solu ton of onn robl~m 
opPns t ~ Joor to · .. O:"t"n rtf'.lw robl~ s. Thtt objrn?tlv b~h in' 
ell thr.. ~ f vrr1£h ~rrortn 1~ to g 1n . n un i~r ni1nr. of our 
O\fll ~rel 1on king . Thi• ho~PV~r , 18 st lll r~r ~yon l 81r.ht. 
r~rh pt, it ~11" fort>v r rns1n s th~ tt111nm.,.nt of th~ un':fltr-
t n~1nr or on~•s A~~1r.1on ~king 1mnl1~s th~ un l~rstr.n~ ln or 
on•r~1r. Thi! fun·a ~ntnl probl~ of ~~1losophy ~~s r~ pp~~r~d 
un Pr ch ng1n6 forr:iulat1on tn ll v. ~ or h1 tor~. 
":'h~ "!l"l'nC"" a.ft this ~1trrflss ton l!! thflt thf' pot,..nt1 .. 1 or 
thns• toolB ~oulj not b ov~r~~tl Pt•j • They ~~ n1nly a 1~ 
to frf!>P onP from rout!n~ ric1s1on~ t lo'llff':r lfl'VPlfl of' mnne -
m~nt . Fow~vAr, th~ con~rptlon or th~ ~rotlnms 9 th~ rAoogn1t!on 
or thosA n"~as h~r~ th u~ or aomput~re 'WOUl1 rf'V~ 1 eo~t po. 
t~ntbl f ins, ~n~ th~ r.m 1nr. of tho~~ f'C 1t1on t .. nt t':!V~ l nt. 
1n£ l~p.~ t of on~ • s l1fP r~maln At y~t unm~hantie1 . ~ , ~s 
~ ur. ( ~l~) put it: "A ~o. in~ eoul tt111r• to ~n y• l~ t cost 
ot J iry r~ 11 Rn1 ~robnbly mlx it foT un. Put l tou t 1r v• 
nroul 1 ~v~r t tlr.fl• to 1~t ~1~ctronlo com ut~r~ run our 
farm'' . 
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